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Thermal In-Pouch Microwave Sterilization 

Preface 

This report comprises an overview of the Objective, Background, Methods, Results, and 
Conclusions of this contract. These are then followed by six (6) detailed reports on its 
specific research activities. Future work is planned to evaluate the polymeric barrier ma- 
terial for quality, physical and barrier properties over accelerated shelf-life testing using 
traditional and novel food processing technologies. 
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1. Executive Summary 

Several goals motivate the US Army Natick Soldier Research, Development, and Engi- 
neering Center (NSRDEC) to develop non-foil alternatives for the packaging materials 
now used to package various field ration items. In doing so, the protection afforded the 
rations from environmental oxygen, water vapor, and light by foil must be replaced by 
alternate materials. This study optimized polymeric laminations to provide oxygen and 
light barrier at levels measured in field-worn ration packaging; while they do not reach 
desired moisture barrier levels, the optimization process has brought them closer to de- 
sired levels. Packages of an entree item, chicken and dumplings, were processed and in- 
cubated to produce a validation report in the method of an FDA filing. Shelf-life model- 
ing software was utilized to evaluate the materials over standard as well as extreme con- 
ditions of temperature and humidity that the MRE items could experience over its shelf- 
life. Additionally, Time-Temperature Indicator (TTI) ink technology was developed and 
applied on-pouch as a sensor to indicate that package had seen the proper processing 
conditions. 

2. Objective 
The technical objective of this contract is to research and develop "Packaging technology 
based on non-foil high barrier polymeric material...needed to ensure protection against 
oxygen, moisture vapor, microbial, and insect penetrants to maintain integrity throughout 
the military logistics system, and to provide rations with a minimum three year shelf 
life." "Technology is needed to develop advanced materials/films/coatings for flexible, 
semi-rigid and rigid polymeric containers that provide physical and chemical protection 
comparable to traditional aluminum foil-based high barrier polymeric materials. Deter- 
mine compatibility of non-foil high barrier polymeric material for both thermoprocessing 
and novel thermal/nonthermal processing, e.g. microwave or high pressure processing." 
Additionally, "Technology is needed to develop a model that will predict the barrier per- 
formance of film structures incorporating multiple high barrier technologies, while taking 
into account environmental variables such as temperature and relative humidity, as well 
as the packaged product"" (NSRDEC, 2009). This report compiles the work done by 
Printpack Inc. under the subject contract to address these needs. Specifically, the follow- 
ing goals were addressed by the research: 

1. To optimize the polymeric banner packaging materials to better meet moisture 
barrier levels necessary for the 3 year shelf-life. 

2. To evaluate the optimized structure with regards to oxygen, moisture and light 
barrier as well as physical properties to ensure it will maintain structural integrity 
through processing, handling and storage. 

3. To process entrees with Microwave Assisted Thermal Sterilization (MATS) and 
successfully validate the processing technology through FDA filings. 

4. To model standard and extreme shelf-life scenarios using novel modeling soft- 
ware. 

5. To develop and evaluate an on-pouch time-temperature indicator (TTI) to assist 
with process quality control. 

PRINTPACK Inc. Atlanta, GA 
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3. Background 

The cited "physical and chemical protection" comparable to traditional aluminum foil- 
based combat ration packaging material is, for the present time, only qualitatively under- 
stood. The Army NSRDEC requires three-year shelf life for rations stored at 27°C (80°F) 
or six months at 38°C (100°F). At present, trained taste panels determine if packaged ra- 
tions stored at indicated temperatures remain acceptable for warfighter consumption 
(Ratto et al, 2006). Empirical determination of the actual oxygen and water vapor barrier 
of current foil laminations damaged by normal storage and transport abuse indicate these 
specifications for a packaging material: 

• OTR <0.06 cc/m2/day 
• WVTR <0.01 g/m2/day 

(DOD Specification MÜ.-PRF-44073F) 

Optimization was performed using data and materials identified during previous research 
done under contract W911QY-08-C-0132 in order to meet the WVTR requirements 
(OTR requirements were achieved previously). The optimized structure was evaluated for 
light barrier and found to protect food simulants from photo-oxidation. The selected op- 
timized structure was then used to process chicken and dumplings MRE entree items by 
Microwave Assisted Thermal Sterilization (MATS), and validation studies were per- 
formed per FDA filing requirements. Additionally, Time-Temperature Indicator (TTI) 
ink was developed and applied on the pouch to demonstrate that the sterilization tempera- 
ture was maintained for sufficient time through the process. Modeling software was uti- 
lized, using known inputs for single materials and complete laminations, to dynamically 
model the shelf life of the packaged entree items through temperature and humidity 
changes typically seen throughout the extended shelf life of the items. 

This final report summarizes previous reports addressing the above-mentioned five goals 
and incorporates them as annexes here. 

1.   Methods 
1. Quantification ofHexanal in Yogurt and Extra Virgin Olive Oil as an indicator of 

Photo Oxidation: An automated headspace SPME-GC-MS (solid phase 
micoextraction-gas chromatography-mass spectrophotometery) method was de- 
veloped to quantify the ability of 10 polymeric packaging material variables to 
protect food products (specifically yogurt and extra virgin olive oil) from light- 
catalyzed degradation of linoleic acid to hexanal. Several alternative opacifying 
tactics were evaluated to assess their effectiveness compared to current opaque 
aluminum foil laminations. 

2. Physical Properties Report: The Printpack research team created 10 polymeric 
packaging material variables, taking into consideration different approaches to 
light barrier, structural and barrier integrity through the retort process, and cost. 
Physical and barrier properties were measured at Printpack Analytical Services 
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Lab. Dielectric constant and loss factor were measured at Washington State Uni- 
versity. 

3. Microwave Sterilization Validation Report: Chicken pieces were identified as re- 
ceiving the lowest thermal lethality using the chemical-marker based computer- 
vision method. Ellab sensors were used to measure the temperatures profiles to 
locate the cold spot. Heat penetration (HP) tests were conducted to achieve a tar- 
get Fo of 6.0 minutes inside the chicken piece placed at the cold spot in chicken- 
dumpling pouches at the end of complete thermal process. PA 3679 # 308 Clos- 
tridium sporogenes spore crop was used to calculate average D-values for the dif- 
ferent temperatures and determine the z-value of PA 3679 spores in chicken 
breast. Process schedules and inoculation levels were determined for the inoculat- 
ed pack studies. The pouches were processed, incubated and observed every day 
for the first 5 days and every 5 days thereafter for 3 months. 

4. Development of Time/temperature Indicator Labels for Microwave Sterilization 
Process: Co-topo-polymeric indicator compositions have been adapted as an ink 
medium suitable for confirming the exposure of a printed label on a flexible 
pouch to a target temperature for an indicated interval. The ink was printed onto 
heat resistant pressure sensitive-coated film and adhered to the outer surface (ori- 
ented polyester) of polymeric laminated pouches and processed in a microwave 
sterilization process. 

5. Shelf Life Modeling Report - Standard and Extreme Scenarios: Various model 
inputs about the packaging materials with known O2TR values for base and coat- 
ed films were used to dynamically model the shelf life of MRE Chicken & Dump- 
ling entree, peanut butter dessert bar, and mango peach applesauce combat rations 
with M-RULE& modeling software under standard and extreme temperature and 
humidity conditions. 

6. Development of On-Pack Time-Temperature Indicator Ink for Microwave Sterili- 
zation: The ink developed in Task 4 was reverse-printed onto the outer surface 
(oriented polyester) of polymeric laminated pouches and backed with a retort- 
grade white ink for visualization. Some samples were laminated without white ink 
to determine effects of adhesive chemistry and pigmentation on the color devel- 
opment of the TTI ink. 

4.   Results 

Individual reports for each of the six tasks are included as annexes 1-6. Following are 
summaries of key findings by task: 

1.   Quantification of Hexanal in Yogurt and Extra Virgin Olive Oil as an indicator of 
Photo Oxidation: The SPME-GC-MS protocols for yogurt and extra-virgin olive 

PRINTPACK Inc. Atlanta, GA 
Item No. 0013 Final Scientific Report 

1/19/2012 Page 4 



Final Scientific Report 
Light Barrier for Non-Foil Packaging Contract No. W911QY-08-C-0132 

oil were able to measure hexanal in the 0.1 ppm range. All ten light-barrier poly- 
meric samples demonstrated very good opacity to 200-400 nm ultraviolet light. 
Appropriate controls and calibration indicate that this UV barrier protects these 
food systems from lipid photooxidation. 

2. Physical Properties Report: As in previous work (Dunn. 2009) on non-foil barrier 
laminations, these laminations are able to meet the DOD target for oxygen barrier, 
but fall short of the water vapor target. Structure 6 (with the sub-retort grade 
AhO.vcoated OPET) in flat, protected form, did demonstrate improved moisture 
barrier compared to Structure 5 (with the retort grade Ab0?-coated OPET), but the 
advantage was not maintained after the gelbo Hexing abuse. Physical properties 
for stiffness and unit weight confirmed previous research findings that polymeric 
pouches are comparable to or better than foil laminations in these matters. Dielec- 
tric properties of the polymeric laminations followed expected patterns. Light bar- 
rier levels needed for protecting package contents from photodegradation effects 
can be provided without impairing the efficiency of the MATS process. 

3. Microwave Sterilization I alidation Report:  Results showed that the developed 
MW sterilization processing delivered expected lethality to C. sporogenes PA 3679 
spores. Forty chicken-dumpling pouches processed in M W for Fo=6.2 min and 40 
pouches processed in hot water for Fo=6 min were shipped to Natick for shelf-life 
testing. 

4. Development of Time temperature Indicator Labels for Microwave Sterilization 
Process: Co-topo-polymeric compositions can be developed and adapted for the 
time and temperature process conditions present during microwave sterilization. 
A bench top procedure for screening and evaluation of compositions satisfactorily 
predicts behavior of the label in the MATS structure. 

5. Shelf Life Modeling Report - Standard and Extreme Scenarios: The M-RULE« 
Container Performance Model for Foods has clearly been shown to validate various 
model inputs for base and coated films with known O2TR and MVTR values as well 
as composite foil and non-foil structures. These inputs have subsequently been used 
in modeling the anticipated shelf-life of representative combat ration items (an entree, 
a fruit sauce and a dessert) over varying storage conditions in the foil and non-foil 
packages. The results have clarified the progress made in the oxygen and moisture 
barriers of the non-foil film while pinpointing areas for improvement in future re- 
search. 

6. Development of On-Pack Time-Temperature Indicator Ink for Microwave Sterili- 
zation: The Time-Temperature Indicator ink technology is effective when printed on 
an orange background, as performed under laboratory conditions, but final color ref- 
erencing is difficult to achieve compared with printing the TTI with a white backing 
and knockout reference color. Ideally for production articles, the TTI ink should not 
be in direct contact with the laminating adhesive. 

PRINTPACK Inc. Atlanta, GA 
Item No. 0013 Final Scientific Report 

1/19/2012 Page 5 



Final Scientific Report 
Light Barrier for Non-Foil Packaging Contract No. W911QY-08-C-0132 

References 

NSRDEC. 2009; Broad Agency Announcement "Solicitation Number "09 - 11 Natiek 
BAA"; Natiek, (Ma); pp40-44. 

Ratto, Jo Ann, J. Lucciarini, C. Thellen, D. Froio, and N. A. D'Souza, 2006. The reduc- 
tion of Solid Waste Associated with Military Ration Packaging , US Army Soldier Sys- 
tem Center, Technical Report. Natiek (Ma) TR-06/023. 75pp. 

Specification "Mil.-PRF-44073F\ 4 September 2001; Requirements 3.1.1.2 and 3.1.1.3 
using ASTM D3985 and F372 respectively 

1/19/2012 

PRINTPACK Inc. Atlanta, GA 
Item No. 0013 Final Scientific Report 

Page 6 



Final Scientific Report 
Light Barrier for Non-Foil Packaging Contract No. W911QY-08-C-0132 

Project Expenses as of 6 Jan, 2012 

Direct Labor 108,189.04 
Tax & Benefits 38,948.05 

Overhead 62,749.64 
Labor Total $209,886.73 

Travel 19,759.50 
Consulting: & Services 587,353.27 

Materials & Plant Costs 327,651.27 
Other Direct Costs 97,748.00 

Total $1,242,398.77 

10% Fee $124,239.88 
Grand Total $1,366,638.65 

Equipment Purchased with Government Funds 

ITEM MODEL VENDOR PRICE 
Oxygen Transmission 
Test Module + Env. 
Chamber + Operating 
System 

OXTRAN* 
2/21 SL 

Mocon, Minneap- 
olis, MN 55428 

$61,641 

Leap Autosampler 
System 

LEAP Combi 
PAL 

Quantum Analytics, 
Foster City, CA 
944049-1135 

$36,107 

TOTAL 
All items are in the Printpack Analytical Services Lab, 5 Barber I 
Villa Rica, GA 30180. 

$97,748 
ndustrial Ct., 

PRINTPACK Inc. Atlanta. GA 
Item No. 0013 Final Scientific Report 

1/19/2012 Page 7 



W911QY-09-C-0205 

Page 27 of 29 

Exhibit B for CLIN 0015 

CONTRACT DATA REQUIREMENTS LIST 
(2 Data Items) 

Form Approved 
OMB No. 0704-0188 

data sources, gathcnng and maintaining the data needed, and completing and rev ir» mg Ihc lollcitii.n llTnllllill!  Send c«innrnls reg arding Ihi» burden estimateor an> 
other aspect ollhi- CDIIMKHI uf in».mm ion. including suggestions for reducing the burden. In Department of Defense. W ashington Headquarters Services. Directorate for 
Iniirmauon Operations and Reports (11704-111 xx i, I21J Jcflcrson Davis High» av  Sum 1204   \ illusion  \ \ 22202-4302. Respondents should he a« are that 
mil» nlistanding am other pro\ ision oflavv. no person shall be subject to any penalty Sir killing to comply wiih a collection ol infirm*ion it'll docs not display a currently 
valid OMB control nuirihcr I'U.i c III) Mil Kl II  ks vom i.rmio the above address. Send completed bnrilo Ihc Got unium I    »mil oniracting OScer l.r th. 
<tM)imLrK.^.lii.riinmt»,lL  
A. COM RAC1  I IM  IHM \i> 

0015 

If    I MIIHI I 

D. SYSTEM/ITEM 

Technical Data - B001 and B002 

I   DATA ITEM NO       2   IIII I ( nil \ I \ 111 M 

B001 

C   <   \IMORY 

ÄTDP        O™ 

E.  CONTRACT / PR NO. 

WBHQY-09C-02IX 

FTvotodegradation Report 

n. Other 

I     ( ON I HAU <>K 

PRNTPACK. INC 

si min i I-   PRICE GROI P 

4. AUTHORITY,/.,„,„ ,,,,,„,,„„ 

7. DDIV'KIO 

NO 
X. APPCODE 

N/A 

9   PISI SI Ml Ml S I 

Kl i.il IRED 

5. CONTRACT REFERENCE 

Sections B & F 

Ill.FREQl i NO 

ASREQ 
II     \S()F  I1MI 

I Ü. DATE III  IIKSI SI  I1MISSION 

16. REMARKS 
Photodejfadetion Repot on 10 lamnations cited in Contractor's proposal null be provided as • deliverable under CLIN 0004. «rich 
«II be completed by 31 January2010 

6. REQURIst.oi I li I I»  I SIIMMI I) 
TOTAI  I kli 1 

DISIkllll  ll(l\ 

a. ADDKI ssi | 

STEPHEN MOODY 

I    1) MX III M NO 

B002 

2. TITLE OF DATA III M 

Physical Properties Report 

17. PRICI  (.ROI  I 

4. AUTHORITY,DmaAc^nltlilonDoaimem v. 

7. DD:S" KI c.i 

NO 
X. APPCODE 

N7A 

9. DIST STATEMENT 

R| Q|  IRED 

5. CONTRACT REFERENCE 

Sections B & F 

QUENCY 

ASREQ 
12.DATE OF FIRST SUBMISSION 

ir.. hi-.MARUS 
Physical Properties Report on 10 lamnations cited in Contractor's proposal «ill be provided as a deliverable under CUN 0003 which 
wll be completed by 28 Fetruary 2010 

(i.   PR!-: PA RED BY 

STEPHEN MOODY 

DAI I 

17-Sep-2009 

h   REOI IRIM.OIIIf I I SIIMMI |) 

IOTAI I'KH l 

DIS1RIHI noN 

\I)I)KI SSI I 

STEPHEN MOODY 

I. APPROU I) in 

STEPHEN MOODY 

I    D\l I 

17-Sep-2009 

DD Form 1423-2, AUG % (EG) PREVIOUS EDITION ¥AY BE USED. Page 1 ol1 



CLIN 0015 Data Item 
•Thermal In-Pouch Microwave Sterilization" Contract No. W911QY-09-C-0205 

Data Item B001 Contract No. W911QY-08-C-0132 

Photodegradation Report 

Printpack, Inc. Atlanta, Ga 



Quantification of Hexanal in Yogurt and Extra Virgin Olive Oil 
as an indicator of Photo Oxidation 

Frank A. Kero1, David E. Foster1, Marty Stanley1, Thomas Dunn1 

Abstract 

An automated headspace SPME-GC-MS (solid phase micoex- 
traction-gas chromatography-mass spectrophotometery) 
method was developed to quantify the ability of polymeric 
packaging materials to protect food products (specifically 
yogurt and extra virgin olive oil) from light-catalyzed degra- 
dation of linoleic acid to hexanal. Several alternative opaci- 
fying tactics were evaluated to assess their effectiveness 
compared to current opaque aluminum foil laminations. All 
proved as effective as the foil material at the limits of detec- 
tion of the method (~0.1 ppm). 

Background 

Military rations are currently packaged in multilayer aluminum-foil la- 
minations which provide significant oxygen, water vapor, and light 
barrier. For a variety of reasons (Ratto et al., 2006) the military seeks 
to convert packaging for such rations to non-foil, polymeric packaging 
materials. 

The rations contain a variety of light-sensitive lipids and micronutrients 
whose integrity is critical to the energy and nutritional effectiveness of 
the rations for the warfighter. 

Mestdagh et al. (2005) found that "...an adequate light barrier, which 
did not transmit any wavelength of the [UV] spectrum, was apparently 
sufficient to avoid the light induced oxidation...is a suitable package for 
the storage of UHT semi-skimmed milk at room temperature during 
some months 

Mendez and Falk (2007) found reported greater degree of oxidative 
rancidity in extra virgin olive oil stored in transparent or white opaque 
plastic bottles and glass bottles than olive oil packaged in pa- 
per/aluminum-foil laminations or metal containers. 

With the diversity of photo-oxidative sensitive food systems in combat 
rations, previous experimental work and their commercial availability, 
yogurt and extra virgin olive oil were chosen to simulate the light- 
barrier effectiveness of ten non-foil polymeric packaging materials 
prepared by Printpack as candidates to replace the current aluminum 
foil laminations. 

Printpack. Inc. Atlanta. Georgia. USA 



Materials and Methods 

Laminations 

The choice of polymeric materials to replace the aluminum foil lamina- 
tions used by the US Army for military rations is constrained by the 
necessity of maintaining a three-year shelf life for the field rations. 
Oxygen, water vapor and light barrier, weight, stiffness, durability and 
ease of opening are among the other constraints in redesigning pack- 
aging materials for laminations. Table 1 summarizes the materials cur- 
rently used in aluminum foil laminations to satisfy current design con- 
straints for heat-sterilized (retort) packaging materials. 

Table 1: Functional Contributions of Materials in Foil Laminations 
MATERIAL FUNCTIONS 
Biaxially Oriented Polyester (OPET) Scuff and heat resistance (while sealing) 
Biaxially Oriented Nylon (BON) Puncture resistance, durability 
Aluminum Foil Oxygen, water vapor barrier, opacity 

Polyolefin Durable, hermetic, temperature resistant 
seals 

In designing non-foil polymeric laminations alternatives, Printpack 
planned to use the familiar polymeric materials use in the foil lamina- 
tions, coated with robust high oxygen and water vapor coatings in or- 
der to minimize the functional impact on other design constraints. The 
high barrier coated films are commercially available as low-haze, high- 
ly transparent products. Printpack's options for delivering light barrier 
to the non-foil polymeric laminations include pigmented adhesives, 
and opaque polyolefin sealants. 

Carbon black is the industry standard opacifying pigment. Because the 
sealant is in direct contact with food, the only carbon black type com- 
pliant with US FDA food contact material regulations is High-purity fur- 
nace black (CAS No. 1333-86-4) (ref: 21 CFR 178.3297(e)). 

Alternatively, the "subtractive colors", cyan, magenta, and yellow (or 
"CMY"), can be used in combination to achieve an effectively opaque 
polyolefin sealant. US FDA food contact-compliant CMY pigments are 
much more abundant than the single carbon black alternative. 

Table 2 outlines light barrier polymeric laminations produced by Print- 
pack using various combinations of pigmented adhesive, carbon black, 
and CMY pigments. 



Table 2: Barrier polymeric Laminations: Light barrier tactics 

Lamina- 
tion 

Outer 
Layer 

Adhe- 
sive 1 

Barrier 
Layerl 

Adhe- 
sive 2 

Barrier 
Layer2 

Adhe- 
sive 3 

Sealant 
Layer 

1 OPET Opaque bOPETl Clear bBON Clear Carbon 
2 OPET Opaque bOPETl Clear bBON Clear CMY 
3 OPET Opaque bOPETl Clear bBON Opaque Clear 
4 OPET Clear bOPETl Clear bBON Clear Carbon 
5 OPET Opaque bOPET2 Clear bBON Opaque Clear 
6 OPET Opaque bOPET3 Clear bBON Opaque Clear 
7 OPET Opaque bOPET4 Clear bBON Opaque Clear 
8 OPET Opaque bOPET3 Clear BON Opaque Clear 
9 OPET Opaque bOPETl Clear BON Opaque Clear 
10 OPET Opaque bOPETl n/a n/a Opaque Clear 

bOPETl 
bBON 

-4 Barrier coated OPET: 
Barrier coated BON 

grades 1-4 

Light Barrier 

The transmission of laminations 1-10 as listed in Table 2 was meas- 
ured with a Shimadzu UV 160 scanning spectrophotometer over wave- 
lengths 200 to 800 nm (Ultra violet B through near infrared including 
visible light wavelengths). 

Opacity was measured using ASTM D589 (TAPPI T425). This paper- 
industry test is based on the fact that "reflectance" of a substrate 
when combined with a white backing is higher than that of the sub- 
strate when combined with a black backing because, in the former 
case, light transmitted through the imperfectly opaque sheet is largely 
reflected by the white backing, and a portion of the light is transmitted 
through the substrate a second time thus increasing the total reflec- 
tion. A Tobias Opacimeter equipped with an accurate linear photome- 
tric system was used. The light source was compliant with CIE stan- 
dard illuminant C, 2° standard observer. 

Standards and reagents 

Hexanal, octanal, n-bromodecane, heptane, mcthylene chloride, iso- 
propyl alcohol were obtained from Sigma Aldrich. 

"Kroger" Brand extra virgin olive oil and "Dannon" all natural plain full 
fat yogurt were purchased from Kroger Supermarket in Douglasville, 
Ga. 

Photo-degradation parameters: 

The light box parameters were transferred from the pilot study per- 
formed at Virginia Tech. The yogurt and extra virgin olive oil samples 



were stored in a temperature and humidity controlled Hotpack 317322 
environmental chamber (PAS #3). The energy of light exposure was 
measured using an Extech portable light meter. The temperature was 
4°C. The relative humidity was 10%. This chamber has two setting for 
light exposure: 1) 2 lights on (-2000 Lux) 2) 4 lights on (- 4000 Lux). 
The lower setting was used to mimic the chamber at Virginia Tech. The 
samples were exposed for 96 hours to replicate the pilot study (this 
time period was verified using clear / non-UV blocking pouches as con- 
trols). Figure 2 shows the arrangement of samples. Samples were 
shuffled and rotated every 24 hours to minimize sample-to-sample va- 
riability. In this chamber, the light bulbs are mounted to the door, a 
slight difference from the overhanging light source used at Virginia 
Tech (Figure A). 

FIGURE A: Left: VA Tech's light box. Right: Printpack Analysis Servic- 
es (PAS) chamber with Printpack Inc. materials 1-10 containing actual 
surrogate food systems.  

Hardware 

• Column: Agilent Carbowax 20M, 30 x 0.25 x 0.25 
• Gas Chromatograph: HP-Agilent 6890N 
• Detector: HP-Agilent 5973 Mass Selective Detector (MSD) 
• Scan range: m/lz 50-550, solvent delay- off 
• Autosampler: LEAP Technologies CombiPal 
• 20 mL amber headspace vials with Teflon butyl caps 
• SPME fiber: Supelco DYB/CAR/PDMS (50/30fun) (2 cm) 
• Supelco molded thermogreen LB-2 septa with 11 mm injection hole 

Software Parameters 

Carrier gas: Helium 1.5 mL / min, constant flow mode 
Inlet temp: 270°C 
Injection mode: splitless 
Oven: 40°C (I min hold), 5°C gradient / per min to 200°C (hold 2 min) 
Auxiliary line to MSD: 210°C 
Liner 0.75 



Extraction time: 15 min with agitation 35°C (extra virgin olive oil) 
Extraction temp: 15 min with agitation 60°C (yogurt) 

Calibration model: yogurt 

A method of internal standards was used to quantify hexanal in the 
headspace of yogurt. The ability of internal standard methods to im- 
prove the linear dynamic range of analytical methods has been well 
reported. Two candidate internal standards were evaluated. The first 
was n-bromodecane (nBD) due to its previously reported utility with 
the quantification of aldehydes in food products and has not been re- 
ported as a component of the yogUJi headspace. It was disqualified af- 
ter failing to demonstrate linearity over a practical concentration 
range. The second candidate internal standard was octanal. Since oc- 
tanal was not detected in the yogurt samples, it was evaluated and 
proved effective. The calibration model for this method can be de- 
scribed as y = mx + b, where: 

1) y = (peak area hexanal / peak area octanal), m = response 
factor, x = (mg hexanal / mg octanal) 

2) solve for the calculated weight ratio (x) 
3) the calculated wt ratio x ug octanal = ug hexanal 
4) ug hexanal / ~1.0-1.5 g yogurt' = ug / g 

All standards and samples were prepared using amber vials. In the ab- 
sence of solution stability data, all standards were prepared fresh dai- 
ly. The concentration of the internal standard solution was optimized 
to the middle concentration of the calibration curve (maximize accura- 
cy). The volume of the spike was 10 uL Calculations to quantify the 
exact concentration were performed to correct for weight. Specifics of 
concentration levels are described in the following sections. 

Calibration model: extra virgin olive oil 

Modifications of testing procedure used for yogurt measurements: 

The endogenous interferences in extra virgin olive oil were found to 
have a deleterious effect on the previously reported method used to 
measure hexanal in yogurt. For this reason, the following modifications 
were made. 

1) Matrix-matched external calibration plot 

i.   Octanal, dodecane and nBD were evaluated as candidate in- 
ternal standards but were disqualified after failing to produce 
an accurate calibration curve over the concentration region of 
interest. 



ii. Matrix-matched standards were prepared by systematically 
spiking in known amounts of hexanal in to extra virgin olive 
that was not exposed to UV. 

2) SPME optimization 

i.   The parameters for the extraction of hexanal in yogurt 
skewed the selectivity of the method to favor a competing 
analyte when applied to the extra virgin olive oil matrix. The 
parameters were re-optimized to 35 degrees C for 15 min. 
The %recovery for hexanal improved from 20% to 70%. The 
percentage recovery observed in this study was 75%-110%. 

Results and Discussion 

Table 3 summarizes the range of UV transmission (200-400 nm) and 
the visible light opacity of the 10 Printpack samples. Measured opacity 
was 100% for the three samples with opaque olefin sealant and 
ranged in the mid-to high 80's for the double opaque adhesive sam- 
ples. In contrast, the maximum UV transmission in the critical range 
was 0.2%. 

Table 3: Barrier polymeric Laminations: Light barrier Results 
Lamina- 

tion 
% Transmission 

200-400 nm 
Opacity (%) 
ASTM D589 Opacity tactic 

1 0 100 1 opaque adhesive/carbon sealant 
2 0 100 1 opaque adhesive/CMY sealant 
3 0-0.1 86.9 2 opaque adhesives 
4 0 100 carbon sealant 
5 0-0.1 85.5 2 opaque adhesives 
6 0-0.1 87.8 2 opaque adhesives 
7 0-0.1 88.7 2 opaque adhesives 
8 0-0.2 81.4 2 opaque adhesives 
9 0-0.1 85.3 2 opaque adhesives 
10 0-0.1 88.9 2 opaque adhesives 

Table 4 presents final conclusions regarding the precision and accuracy 
of the detection methods as optimized for yogurt and extra virgin olive 
oil respectively. 



TAB LE 4: Limitations of linearity 

Figure of Merit 
Yogurt 

(internal standards) 

Extra virgin olive oil 
(matrix-matched ex- 

ternal standards) 

Linear dynamic range 
(LDR) 500-5,000 ng/g 80-800 ng/g 

Accuracy 
(% error over LDR) <20% 2-25% 

Specificity 
(%error due to co- 

eluting interferences) 
<20% <20% 

Limit of detection 
(LOD) 

80 ng/g 
(estimated) 

40 ng/g 
(estimated) 

Limit of quantitation 
(LOQ) 

250 ng/g 
80 ng/g 

(estimated) 

Lower limit of quanti- 
tation (LLOQ) 

500 ng/g 80 ng/g 

Precision 
(% error at LLOQ) < 15% Not verified 

Upper limit of quanti- 
tation (ULOQ) 10,000 ng/g 750 ng/g 

% Recovery 90% 75-110% 

Results of photodegradation studies: 

The UV-exposed yogurt samples packaged in Printpack Inc. sample 
materials 1-10 did not produce a detectable level of hexanal. 

Within run control to ensure data quality: 

1) Internal standard peak area 

A control chart was generated to monitor the peak area of the internal 
standard (octanal) during the run. The average peak area is pictured 
in green (Figure B.) The peak areas for all standards were observed 
within three standard deviations from the average. The error in mea- 
surements is Gaussian. 

2) Bracket fortified quality control yogurt specimens 

To ensure that hexanal was not generated in situ during the residence 
time in the autosampler, yogurt specimens that were not exposed to 
UV were spiked with octanal and tested at the beginning and end of 
the run (bracket standards). The relative error of the peak area ratio 
of hexanal to octanal was < 1%. The sample integrity was maintained 
during the test. 
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Figure B: Control chart of the peak area for the internal standard (Yo- 
 gurt) octanal as a within run quality control technique.  

Results of study: 

All light-exposed samples of yogurt had hexanal levels below the 80 
ppb limits of detection of the method, as optimized, (Table 5.) 

Table 5: Yog 
for 96 hour 

sam 

urt exposed to light 
s in indicated PAS 
pie material 

Sample No. Yogurt hexanal 
nq/q 

1 < 80 
2 < 80 
3 < 80 
4 < 80 
5 < 80 
6 < 80 
7 < 80 
8 < 80 
9 < 80 
10 < 80 

Samples of light-exposed extra-virgin olive oil had hexanal levels be- 
low 100 ppb, the lower linearity level of the method (Figure C.) 



rIGURE C: Results of measurements by HS-SPME-GC- 
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Extra virgin olive oil exposed to light for 96 hours in sample materials 
1-10 measured < 100 ppb. 

Conclusions 

The SPME-GC-MS protocols for yogurt and extra-virgin olive oil were 
able to measure hexanal in the 0.1 ppm range. All ten light-barrier po- 
lymeric samples demonstrated very good opacity to 200-400 nm ultra- 
violet light. Appropriate controls and calibration indicate that this UV 
barrier protects these food systems from lipid photooxidation. 
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Introduction 

The Combat Feeding Directorate has the following barrier targets for its MRE packaging 
materials (Ratto et al. 2006): 

■ WVTR: 0.01 gm/m2-day 
■ 02TR: 0.06 cc/m2-day 

The critical CFD design requirement for packaged MRE rations is a shelf life (as deter- 
mined by organoleptic testing) of 3 years at 27°C (80 °F) or 6 months at 38°C (100 °F). 
Prior work (Dunn, 2009) suggested that 6 month shelf life with 38 °C storage achieved 
by barrier levels comparable to those achieved by the 10 trial laminations in this study 
(Annex I) could meet that shelf life requirement. That same work indicated the need for 
substantial opacity of the packaging material, especially in UV wavelengths, so as to pre- 
vent photodegradation of fats, nutrients, etc. 

Other critical design parameters for MRE pouches are 1) minimal or no added weight (for 
ease of field use and minimal transport costs) and 2) adequate stiffness (to accommodate 
fill-seal line operation). In the current study, 915 MHz microwave sterilization (MWS) is 
intended for processing entree items (Tang, et al., 2008). Efficiency in that process re- 
quires the packaging material be 3) essentially transparent to the microwave energy. All- 
polymeric, non-foil, laminations were evaluated with the MWS process in mind. Again 
prior work (Mikhaylenko, 2009) had developed methods for characterizing microwave 
interactions of such flexible materials 

Methods 

Trial Laminations 

Consideration of barriers to oxygen (O2TR), water vapor (WVTR), and light directed se- 
lection of materials for the trial laminations. These materials and comments about the fea- 
tures of each are summarized in Tables 1 (the laminations) and 2 (component films). 

Three approaches evaluated light barrier: 

1. Carbon black-pigmented sealant 
2. 3-subtractive colors-pigmented sealant 
3. 1 or 2 layers of olive drab-pigmented adhesive. 

Samples 1-4 (Table 1) differed in the nature of the opacifying layers but had essentially 
identical barrier components. 

Samples 4 and 5 compared a "retort" grade AhOj-coated OPET to a "sub-retort" grade 
reported to have better moisture barrier. The latter was expected to withstand the shorter 
thermal cycle of a MWS Process. Sample 7 used a polyvinylidene chloride-coated OPET 
film as a barrier layer. Samples 8-10 tested cost savings alternatives with an uncoated 
BON substituted for the hybrid coated film (samples 8 and 9) and no nylon layer at all 
(sample 10). 

Measurements  

Tensile and other properties of the laminations were measured using standard ASTM me- 
thods for flexible barrier materials. UV-visible spectrophotometry (PerkinElmer Model: 
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Lambda 35 UV/Vis Spectrometer) over the range 200-800 nm was used to assess the ef- 
fectiveness of the light barrier features. Additionally, "opacity" (ASTM D589) mea- 
surements were obtained using a Thwing-Albert "HTM 1 "'opadmeter. 

Standard ASTM methods for oxygen and moisture barrier determination were determined 
using Mocon Inc. instruments, Ox-Tran* 2/21 SL and Permatran-W^ 3/33 respectively. 

The Washington State University method (Mikhaylenko. 2009) was used to measure the 
dielectric constant (e') and dielectric loss factor (e ") of thin film laminations. Regarding 
these parameters: "e ~? reflects the ability of a material to store electromagnetic energy, 
and "e "" measures the ability of a material to dissipate electric energy as heat. For the 
MWS process, low e' indicates a minimal tendency of the packaging to absorb micro- 
wave energy and increase its temperature. For a given e', a higher e " implies the delivery 
of heat energy to the packaged food more efficiently. 

These Data for each lamination are presented in Annex I. Dielectric properties are sum- 
marized in Table 3 and Figure A. 

Table 1: Laminated Structures 
Lam 

Number 
Outer 
Layer 

Barrier 
Layer 

Barrier2 
Layer 

Sealant 
Layer 

Com- 
ment 

1 6 1 
2          Carbon 

black 

Opacity 
Tests 

2 6 1 
3-Color 
black 

3 6 1 2           Clear 

4 6 1 2 
Carbon 
black 

5 6 3 2 Clear SiOx 

coating 
Tests 6 6 4 2 Clear 

7 6 5 2 Clear 
saran 

coating 
8 6 4 7 Clear Costs 

Saving 
Tests 

9 6 1 7 Clear 
10 6 1             n a         Clear 

1: pigmented adhesive layer 
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Sample Opacifier description 

Carbon black / 1 opaque adhesive 

3-Color black / 1 opaque adhesive 

Clear sealant 

Carbon black / 2 opaque adhesives 

Clear sealant / 2 opaque adhesives 

Clear sealant / 2 opaque adhesives 

Clear sealant / 2 opaque adhesives 

Clear sealant / 2 opaque adhesives 

Clear sealant / 2 opaque adhesives 

Clear sealant / 1 opaque adhesive 

Thermal In-pouch Microwave Sterilization 
Contract No. W911QY-09-C-0205    CLIN0003 

Printpack Inc. 

Table 3: Dielectric Properties  
Thickness \i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

119 3.0084 ±0.016 0.0310 ±0.0008 

126 2.7661 ± 0.031 0.0206 ± 0.0007 

134 2.5863 ± 0.036 0.0189 ±0.0009 

131 2.8521 ± 0.001 0.0280 1 0.0002 

124 2.7027 ± 0.046 0.0205 1 0.0009 

126 2.6869 ± 0.042 0.0200 ± 0.0009 

124 2.7025 ± 0.044 0.0196 ±0.0010 

124 2.6720 ± 0.050 0.0178 ±0.0009 

125 2.6742 ± 0.009 0.0181 ±0.0002 

103 2.6076 ±0.011 0.0115 ±0.0002 

Figure A: Dielectric properties 

Loss Factor 
0.015 

0.01 

0.005 

( arbon Black 
( arbon Ul.kk 

255 26 265 27 275 28 285 

Dielectric Constant 

29 295 3.05 
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Results 

Pouch Weight 

A standard MRE entree pouch fabricated from the specified foil lamination weighs about 
5.24 grams each. Each of the 10 trial laminations makes lower weight pouches. The four 
ply laminations with the two hybrid-coated films weighed about the same as the foil la- 
mination, while the three ply lamination was only 40% of the foil one. 

Pouch stiffness 

Stillness (as measured by modulus) affects the efficiency and waste experienced when 
forming packages and filling them with product. Foil is relatively stiff and so packaging 
lines optimized to run foil laminations most likely require comparably stiff polymeric 
materials or mechanical adjustments in order to run effectively and efficiently. The po- 
lymeric laminations produced for this study all had 1 % secant modulus values in the 
1,200 to 1,700 N/ mm" range. Standard foil lamination material has a value of about 
1,350. The differences indicate that no significant changes for pouch forming and filling 
are needed. 

Dielectric properties 

As expected, the opaque pouches made with carbon black pigmented sealants had the 
highest dielectric constants (about 3). They also had high loss factors. Pouches with col- 
or-manufactured black sealants and those with pigmented adhesives had intermediate 
values of both. By way of comparison, Guan et al. (2004) determined that the values of e 
and e " for mashed potatoes at 915 MHz were in the ranges of about 55-66 and 21 -36 re- 
spectively. The effect of dielectric properties of the packaging material on MWS process 
efficiency is not quantified at this point, but appears to be small. 

Barrier considerations 

Table 4 summarizes the performance of each sample lamination to the respective WVTR 
and OTR targets. At this pass/fail level, the laminations show reasonable agreement with 
expected similarities and differences. The hybrid-coated OPET laminations revealed 
moisture sensitivity, even when over-laminated with an uncoated OPET. 

Table 4: Performance to Targets for 10 Printpack Laminations: S exceeds target 
Treatment Sample dumber 

MVTR 1 2 3 4 5 6 7 8 9 10 
Flat x X X X x X X X X 

5 Gelbo X X X X X X X X X X 

lOGelbo * X X 1 *r %t > X 1 

02TR-dry 1 2 3 4 5 6 1 8 9 10 
Flat s >/ ^ X V V s X X ■/ 

5 Gelbo X X X X X X X X X X 

10 Gelbo X X X X X X X > X 

OzTR-wet 1 2 3 4 5 6 7 8 9 10 
Flat V X 

5 Gelbo X X X X X X S X X X 

10 Gelbo X X X X X ■ ■• V 
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To put the lamination-by-lamination data of Annex I into perspective. Figure B provides 
a graphical comparison of MVTR and O2TR (wet and dry) values. These graphs use a 
semi-log scale to fully cover the two order of magnitude range of values for each of the 
datasets. CFD targets are also indicated for comparison. The target for WVTR is actually 
less than the lower detection limit for the Permatran-W* 3/33. The O2TR target is 
represented in the Figure by the 0.010 cc/nT line. Some of the measured values were re- 
ported as less than the 0.009 lower detection limit of the Ox-Tran* 2/21. These are re- 
flected in the figure as extending below the 0.010 cc/m2 line. 

Conclusions 

As in previous work (Dunn, 2009) on non-foil barrier laminations, these laminations are 
able to meet the DOD target for oxygen barrier, but fall short of the water vapor target. 
Structure 6 (with the sub-retort grade Al^O^-coated OPET) in flat, protected form, did 
demonstrate improved moisture barrier compared to Structure 5 (with the retort grade 
Al^O.^-coated OPET), but the advantage was not maintained after the gelbo flexing abuse. 
Future work will attempt to relate the laboratory flexing abuse to that experienced by the 
packaging material during actual food processing. 

Physical properties for stiffness and unit weight confirmed previous research findings 
that polymeric pouches are comparable to or better than foil laminations in these matters. 

Dielectric properties of the polymeric laminations followed expected patterns. Light bar- 
rier levels needed for protecting package contents from photodegradation effects can be 
provided without impairing the efficiency of the MWS process. 
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Annex P. 1 of 10 

STRUCTURE: OPET/Kur-C/Kur-N/Cblack B343-997 
Structure No. 1 (#21) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 119.888 
Yield cm2 / Kg ASTM D4321 7.564297 
Basis Weight gm / m2 ASTM D646 0.1322 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 100 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 

23.1234 
25.19746 

Elongation @ Break MD 
CMD 

% ASTM D882 
137 
120 

Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 4879.091 
4236.262 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 172 
172 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.214 
0.117 

Hot Tack Strength 300 F gm / 25 mm ASTM F1921 4.88 
Heat Seal Strength 250 F gm / 25 mm ASTM F88 11,291 
WVTR-37.8°C-90% RH 

WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 

5 gelbo 
10 gelbo 

gmday/m2 
ASTM F1249 4.061 
ASTM F1249 
ASTM F392 4.233 

OTR-23°C-90% RH 
OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 
5 gelbo 
10 gelbo 

ccday/m2 
ASTM D3985 0.042354 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 
OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 
5 gelbo 
10 gelbo 

ccday/m2 
ASTM D3985 <0.009 
ASTM D3985 
ASTM F392 0.567 

Structure No. 1 

SDO 
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Annex I: P. 2 of 10 

STRUCTURE:     OPET/K ur-C/Kur-N/CMYW B343T-997 
Structure No. 2 (#22) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 119.38 
Yield cm2 / Kg ASTM D4321 7.168459 
Basis Weight gm / m2 ASTM D646 0.1395 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 100 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 24.49081 

24.86387 
Elongation @ Break MD 

CMD 
% ASTM D882 139 

104 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25 mm ASTM D882 5201.033 
5026.864 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 198 
252 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.24 
0.348 

Hot Tack Strength 300 F gm / 25 mm ASTM F1921 5.96 
Heat Seal Strength 260 F gm / 25 mm ASTM F88 2,371 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 
5 gelbo 
10 gelbo 

gnrday/m2 
ASTM F1249 4.244 
ASTM F1249 
ASTM F392 4.165 

OTR-23°C-90% RH 
OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 
5 gelbo 
10 gelbo 

ccday/m2 
ASTM D3985 -0.01861 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 
OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 <0.009 
ASTM D3985 
ASTM F392 0.192 

* ■ 

Structure No. 2 
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STRUCTURE: OPET/Kur-C/Kur-N/Clear B343-997 
Structure No. 3 (#23) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 128.5 
Yield cm2 / Kg ASTM D4321 7.3 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 86.9 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 25.2 

25.2 
Elongation @ Break MD 

CMD 
% ASTM D882 114.0 

25560.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N / 25 mm ASTM D882 5007.3 
382.7 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 246 
236 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.47 
0.45 

Hot Tack Strength 300 F gm / 25 mm ASTM F1921 25 
Heat Seal Strength 330 F gm / 25 mm ASTM F88 6542 
WVTR-37.8°C-90% RH 

WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 

5 gelbo 
10 gelbo 

gnrday/m2 

ASTM F1249 4.405 
ASTM F1249 
ASTM F392 3.514 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

cc"day/m2 

ASTM D3985 -0.202 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 

OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 <0.009 
ASTM D3985 
ASTM F392 0.294 

Structure No. 3 
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STRUCTURE: OPET/Kur-C/Kur-N/C Black B343T-997 
Structure No. 4 (#24) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 125.5 
Yield cm2 / Kg ASTM D4321 7.3 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 100.0 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 24.5 

25.0 
Elongation @ Break MD 

CMD 
% ASTM D882 136.0 

145.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 
4548.8 
4411.7 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 
201 
243 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 
0.30 
0.14 

Hot Tack Strength 300 F gm /25 mm ASTM F1921 5 
Heat Seal Strength 280 F gm / 25 mm ASTM F88 4888 
VWTR-37.8°C-90% RH 

WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 

5 gelbo 
10 gelbo 

gnrday/m 
ASTM F1249 3.766 
ASTM F1249 
ASTM F392 3.007 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 -0.202 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 

OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 
ASTM D3985 0.431 
ASTM D3985 
ASTM F392 4.002 

Structure No. 4 
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Annex I: P. 5 of 10 

STRUCTURE: OPET/GL-PET-ARH/Kur-N/Clear B343-997 
Structure No. 5 (#25) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 130.8 
Yield cm2 / Kg ASTM D4321 7.3 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 85.5 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 20.8 

25.4 
Elongation @ Break MD 

CMD 
% ASTM D882 133.0 

115.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 5495.3 
4788.0 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 262 
256 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.47 
0.46 

Hot Tack Strength 300 F gm / 25 mm ASTM F1921 29 
Heat Seal Strength 320 F gm /25 mm ASTM F88 3765 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 
5 gelbo 
10 gelbo 

gmday/m2 
ASTM F1249 0.3 
ASTM F1249 
ASTM F392 0.6 

OTR-23°C-90% RH 
OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 
5 gelbo 
10 gelbo 

ccday/m2 
ASTM D3985 0.730 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 
OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 
5 gelbo 
10 gelbo 

cc-day/m2 
ASTM D3985 <0.009 
ASTM D3985 
ASTM F392 0.198 

Structure No. 5 
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STRUCTURE: OPET/GL-PET-ARHF/Kur-N/Clear B343-997 
Structure No. 6 (#26) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 128.0 
Yield cm2 / Kg ASTM D4321 7.3 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 87.8 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 24.9 

24.6 
Elongation @ Break MD 

CMD 
% ASTM D882 157.0 

103.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 5006.8 
5064.2 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 
214 
230 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.45 
0.47 

Hot Tack Strength 300 F gm /25 mm ASTM F1921 29 
Heat Seal Strength 330 F gm / 25 mm ASTM F88 3338 
WVTR-37.8°C-90% RH 

WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 

5 gelbo 
10 gelbo 

gmday/m2 

ASTM F1249 0.2 
ASTM F1249 
ASTM F392 0.5 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 2.101 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 

OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 <0.009 
ASTM D3985 
ASTM F392 0.253 

Structure No. 6 
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Annex P. 7 of 10 

STRUCTURE: OPET/WSX 03 Y07/Kur-N/Clear B343-997 
Structure No. 7 (#27) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 129.0 
Yield cm2 / Kg ASTM D4321 7.3 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 88.7 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 23.8 

28.1 
Elongation @ Break MD 

CMD 
% ASTM D882 115.0 

108.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N /25 mm ASTM D882 5376.0 
4980.2 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 230 
275 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.40 
0.44 

Hot Tack Strength 300 F gm /25 mm ASTM F1921 23 
Heat Seal Strength 320 F gm / 25 mm ASTM F88 4123 
WVTR-37.8°C-90% RH 

WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 

5 gelbo 
10 gelbo 

gnrday/m2 

ASTM F1249 3.2 
ASTM F1249 
ASTM F392 1.2 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 -0.631 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 

OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 0.014 
ASTM D3985 
ASTM F392 3.212 

Structure No. 7 
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STRUCTURE: OPET/GL-PET-ARHF/BON/Clear B343-997 
Structure No. 8 (#28) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 129.0 
Yield cm2 / Kg ASTM D4321 7.5 
Basis Weight g/m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 81.4 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 26.1 

24.6 
Elongation @ Break MD 

CMD 
% ASTM D882 133.0 

123.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 
5144.0 
4936.0 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 230 
217 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.44 
0.47 

Hot Tack Strength 300 F g /25 mm ASTM F1921 24 
Heat Seal Strength 320 F g / 25 mm ASTM F88 4764 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 
5 gelbo 
10 gelbo 

gmday/m2 
ASTM F1249 0.229 
ASTM F1249 
ASTM F392 0.420 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

cc'day/m 
ASTM D3985 0.834 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 

OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 0.180 
ASTM D3985 
ASTM F392 1.293 
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STRUCTURE: OPET/Kur-C/BON/Clear B343-997 
Structure No. 9 (#29) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 128.3 
Yield cm2 / Kg ASTM D4321 7.4 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 85.3 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 

28.1 
24.3 

Elongation @ Break MD 
CMD 

% ASTM D882 
140.0 
146.0 

Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 4906.7 
4593.4 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 198 
198 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.43 
0.46 

Hot Tack Strength 300 F gm /25 mm ASTM F1921 19 
Heat Seal Strength 320 F gm / 25 mm ASTM F88 11010 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 
5 gelbo 
10 gelbo 

gmday/m2 

ASTM F1249 4.464 
ASTM F1249 
ASTM F392 4.214 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 -0.056 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 
OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 0.237 
ASTM D3985 
ASTM F392 1.677 
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STRUCTURE: OPET/Kur-C/Clear B343-997 
SI tructureNo. 10 (#30) 

PROPERTY UNITS METHOD VALUE 
Gauge micron ASTM F2251 111.0 
Yield cm2 / Kg ASTM D4321 8.9 
Basis Weight gm / m2 ASTM D646 0.1 
Gloss @ 45° % ASTM D2457 0 
Haze % ASTM D1003 n/a 
Opacity % ASTM D589 88.9 
Tensile Strength MD 

CMD 
kg / 25 mm ASTM D882 4.8 

5.2 
Elongation @ Break MD 

CMD 
% ASTM D882 606.0 

702.0 
Young's Modulus 
(1% Secant Modulus) 

MD 
CMD 

N/25mm ASTM D882 4126.8 
3919.2 

Elmendorf Tear 
(notched) 

MD 
CMD 

gm ASTM D689 
234 
246 

Coefficient of Friction 
(kinetic) 

out/out 
in/in 

gm vertical/gm lateral ASTM D1894 0.42 
0.46 

Hot Tack Strength 300 F gm /25 mm ASTM F1921 49 
Heat Seal Strength 320 F gm / 25 mm ASTM F88 3545 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 
WVTR-37.8°C-90% RH 

flat 
5 gelbo 
10 gelbo 

gmday/m2 

ASTM F1249 4.596 
ASTM F1249 
ASTM F392 4.368 

OTR-23°C-90% RH 

OTR-23°C-90% RH 
OTR-23°C-90% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 -0.050 
ASTM D3985 
ASTM F392 

OTR-23°C-0% RH 

OTR-23°C-0% RH 
OTR-23°C-0% RH 

flat 

5 gelbo 
10 gelbo 

ccday/m2 

ASTM D3985 0.045 
ASTM D3985 
ASTM F392 0.732 

I 

4». 

»:• 

»■     Z 

Of. 

mo w 4M W0 
N»n«m#t«rt 

IW HO 



W911QY-09-C-0205 

Page 28 of 29 

Exhibit C for CLIN 0016 

CONTRACT DATA REQUIREMENTS LIST 
(2 Data hems) 

Form Approved 
OMB No. 0704-0188 

l'iiblu n |".in lit binden ku I In. collection ol in».nun ion I   e.linulol to average 2 2" hour  pel ic poll e. including Ihr tlinr k>r rev icu nit in  I nut ion     .cm hing CM   line 
data sources, gathering and maintaining the data nrrded. and convicting and rc\ icu mg the col lection oh nonunion   Send comments regarding thi   Inn,ten I tint! 01 .in\ 
■ -tJui .t peel ottlns collection otinthmntinn. including suggestions tir reducing the hunien. to Department ofDcfrnsc. \\ alnngton Hca<U|iian,i   Sei\ ices. Dirrctoratr t>r 
Intmuition (operations and Reports |H7li4-(l I *s i  121J lehVr.on Davl   Highway, Suite 1204, Whngion. \ \ 22202-4302  Kc.pondent-   tumid be aware that 
ni'tu it h-landing any other provision oflaw. no person shall be subject to any penal t> tin tilling to cetiapl) vuih a toll eel ion oli nonunion ilii due   noi display a currently 
valid OMB i..mi,.I nuiiiui Plate DO NOT REIT RNyoarfcnntotB Scad coaplctcd in unto tin Gen ernaaal i   umg. Contracting Oficerbrihe 
U'lHiaci, I'R ,Nu, 1IS|Q| in mud L,  
\    ( <>\! R\<  I   I l\l   II I \1 \o 

0016 

B    I MIIHII 

I)   SYS1 I \1   IHM 

Technical Data - C001 and C002 

I. DATA 111 M so 

C001 

(     (   \lI i*)R\ 

I TUP 

E. CONTRACT     I'K \(> 

W911OY-09-C-0205 

2. TITLE OF DAT \ III \I 

Validation Report 

4. AUTHORITY,/,,..,„ i,,,„,„„„„Doom 

7. DD:< 

NO 

K. APPCODE 

"   DIM SI Ml Ml Nl 
REQUIRED 

p™ O Other 

I    io\ik\('iok 

PRINTPACK, INC 

V SUBTITLE 

J   ( ON IRACT REFERENCE 

Sections B & F 

in  IKI Ol   I N( \ 

ASREQ 
II. ASOI  I) A II 

I2.DATEOFTIRN1 SI »MISSION 

I«   II M\RKS 
Validaticm report cited in the Contractor's proposal vull be provided as a deliverable under CUN 0008 which will be completed by 30 
June 2010 

h   REQUIRING OFFICE 

DISIRIHl   I ION 

STEPHEN MOODV 

17. PRIC I 

i   I STtMATI I) 
lol \l. PRICE 

I. DATA ITEM NO. 

C002 

2. TITLE OF DATA ITEM 

Label TTI Evaluations 

-■   SI KllII I 17. PRICE GROUP 

4. AUTHORITY (Data Acquisition Datum 

7. DD25"RI o 

NO 
B     M'I'CODI 

•)■ DIST STATEMENT 
REQUIRED 

5. CONTRACT REFERENCE 

10. FREQUENCY 

ASREQ 
II. ASOIDMI 

12 D\li oi IIKSI si BMISSION 

In. RFMARKS 
Label TTI Evaluations cited in the Contractor's proposal will be provided as a deliverable under CUN 0011. which will be completed 
by 30 April 2010 

Ci.   PREPARI I) in 

STEPHEN Ml  DDV 

II    l)\ll 

17-Sep-2009 

n. REQUIRING OFFICE Is   I STtMATI I) 
TOTAl  PRK I 

DISTRIBUTION 

a   ADDKI SSI I 

STEPHEN MOODY 

I.  APPROVED BY 

STEPHEN MOODY 

Reg Kepi, 

J.     [)\l  I 

17-Sep-2009 

DD Form 1423-2, AUG % (EG) PREVIOUS EDITION MAY BE USED Page 1 of 1 



CLIN 0016 Data Item 
"Thermal In-Poueh Microwave Sterilization' Contract No. W911QY-09-C-0205 

Data Item C001 Contract No. W911QY-09-C-0205 

Microwave Sterilization Validation Report 

Printpack, Inc. Atlanta, Ga 



WASHINGTON STATE 
rj UNIVERSITY 

loss, face to I 

REPORT ON PROGRESS OF CHICKEN-DUMPLING-POUCH PROJECT 

Submitted to PrintPack 

By 

WSU MW Group 

Department of Biological Systems Engineering 
Washington State University 

June, 2011 

This report summarizes major progress of the project "Microwave Sterilization of Chicken and 
Dumplings packaged in 8-oz Pouches" for the period between January and June, 2011. 

1. Identification of the Food Component Getting the Lowest Thermal Lethality 

The chicken - dumpling pouch we developed is filled with four components: cut chicken breast 
pieces, dumplings, sauce, and vegetables. The components have different dielectric properties, 
thermal properties and heat resistances to microorganisms. In heat penetration tests, the temperature 
sensor needs to be placed in the component located at the cold spot which obtains the lowest 
thermal lethality, to monitor the food temperature. Therefore, it is necessary to identify the food 
component receiving the lowest thermal lethality. 

MW processing tests for measuring temperatures inside the three different components (chicken 
breast pieces, dumplings, and sauce) placed at the cold spot (identified by the chemical-marker- 
based computer-vision method) inside pouches were conducted. The pouches were filled with 
designated rations of the following food components: 95 g chicken breast, 80 g sauce, 16 g 
dumplings, and 7 g vegetables. Ellab sensors were used to measure the temperatures profiles (Figs. 
1.1 & 1.2). Two sizes of cut chicken pieces were used for the temperature measurement: a normal 
size of 16x 16*16 mm and a larger size of 40*40*16 mm. 

Tests were conducted under the following conditions: 
8-oz PrintPack pouches 
MW power setting: 7.0 / 6.2 / 2.6 / 2.5 kW for 4 MW heating cavities 
Moving speed: 40 inch/min 
Water temperature: 72 / 124 / 123°C for preheating, MW heating and holding sections 
System pressure: 34 psig 
Water flow rate: 69/51 / 72 / 61 liter/min for pre-heating, MW heating, holding, and 
cooling sections 
Pre-heating time: 30 min 
Cooling time: 4 min. 
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c) d) 
Fig. 1.1 Placement of Ellab sensor, a) sensor tip inside chicken piece of normal size (16x16x16 
mm) at cold spot; b) sensor tip inside chicken piece of larger size (40x40x 16 mm) at cold spot; c) 
sensor tip inside dumpling at cold spot; d) sample pouch with Ellab sensor after processing. 

Fig. 1.2 Dumpling and vegetables 

The thermal process level is usually described by thermal lethality at 121.1 °C, Fo, (in min). The 
value of Fo at a point in a thermal-processed product is calculated based on the temperature history 
at the point as follows: 

F0 = jlQW'dt 
(1) 
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where T is the measured temperature (°C); Tr is the reference temperature (121.1°C); z is usually a 
value of 10°C; and t is the heating time (min). 

The values of Fo achieved in different components at the cold spot location were determined based 
on the temperature profiles measured in the process including preheating, heating, holding and 
cooling (Tables 1.1 and 1.2). Results show that chicken pieces receive less thermal treatment at the 
cold spot than dumplings or sauce. In addition, chicken has higher heat resistance to 
microorganisms than dumplings or sauce as mentioned in Section 4.1. Both lower thermal 
treatment and higher heat resistance to microorganisms cause chicken pieces to receive lower 
thermal lethality. Therefore, chicken pieces were chosen as the target component for temperature 
measurement in MW processing development. 

Table 1.1 F0 values in different components at cold spot in pouches with a normal-size chicken 
piece for temperature measurement 

date FO, min chicken FO. mln dumpling FO. mln sauce 

Test-1. Jan-12-2011 11.4 20.2 19.8 
15.9 

Test-2. Jan-12-2011 20 8 15 23 9 
222 

Test-3, Jan-12-2011 13 6 19 6 21.3 
13.6 

average FO. min 18.3 21.7 
Stdev 4.3 2.8 2.1 

Table 1.2 Fo values in different components at cold spot in pouches with a larger-size chicken piece 
for temperature measurement 

testing date FO. min chicken FO. min dumpling FO, min sauce 

Test-2, Jan-11 6 2 25 20 8 
9 5 

Test-3. Jan. 11 
8 1 26 2 23 7 

24.1 

Test-1, Jan. 14 6.5 
7.7 15 5 33.9 

average FO. min 7.6 22.7 26.1 
Stdev. mln 1.3 4.9 6.9 

2. Validation of Cold Spot by Temperature Measurement inside Chicken Dumpling Pouches 

2.1. Temperature measurement at cold regions in chicken dumpling pouches 

Tests were conducted to measure temperature profiles and F0 values inside chicken pieces 
(40x40x16 mm) in chicken dumpling pouches using Ellab sensors. The chicken pieces with Ellab 
sensors were placed in three cold regions identified by the chemical-marker-based computer-vision 
method. The tips of the Ellab sensors were placed at central points (P2, P3, and P6) of the cold 
regions (Figs. 2.1 & 2.2). 
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Heating pattern measured 
by WPG model food Temperature measurement points 

Fig. 2.1 Measuring points in cold regions 

Top view 

Front Front Front 

PrintPacK pouch 

Chicken sample 
side view 

Dumpling & sauce 

Fig. 2.2 Measuring points with Ellab sensors 

Tests were conducted under the same conditions described in Section 1. Table 2.1 shows the 
measured F0 values. The Fo at point 2 (identified cold spot by chemical-marker-based computer- 
vision method for WPG samples) in the chicken-dumpling pouch had the lowest value. 
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Table 2.1 F0 values measured at 3 points in 3 cold regions in chicken-dumpling pouches 

Testing date FO, min at P2 FO, min at P3 FO, min at P6 

Test-3, Jan. 12. 2011 
9.1 13.6 

6.2 21.3 

Test-1. Jan  13, 2011 
6.9 179 18.3 

11.8 

Test-2. Jan  13, 2011 
7.3 192 12.7 

12.6 

average FO. min 7.4 17.6 14.3 

Stdev, min 1.2 4.1 2.7 

2.2. Temperature measurement at points surrounding the identified cold spot in chicken- 
dumpling pouches 

To further confirm the cold spot identified by the chemical-marker-based computer-vision method 
for WPG samples to be the actual cold spot inside chicken-dumpling pouches, temperature profiles 
and Fo values at the identified cold spot (Point 2) and its surrounding points (up, down, front, back, 
left, and right, 4 or 5 mm away from the cold spot) were measured using Ellab sensors. Figure 2.3 
shows the locations of the measuring points inside the chicken piece (40><40x 16 mm) in chicken- 
dumpling pouches. 

Top view 

Middle layer in chicken 
-dumpling pouch 

Front 

Point-2 
(Middle - cold spot 
determined by chemical 
marker method) 

Side view 

Top surface 

r 
Down 

• 7 points were selected for the measurement 
• 4 points (front, back, left and right) were 5 mm away 
from the cold spot (point 2). 
• 2 points (up and down) were 4 mm away from the cold 
spot (point 2) 

Fig. 2.3 Location of measuring points 

Testing conditions were same as those stated in Section 1. Testing results (Table 2.2) indicate that 
MW processing provided higher thermal treatment at the surrounding points than at Point 2. The 
cold spot identified by the chemical-marker-based computer-vision method is indeed the actual cold 
spot inside the chicken-dumpling pouches. 
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Table 2.2 Fo values at identified cold spot and its surrounding points 

Location P2 Up Down Front Back Left Right 

FO. min 

9.11 8.81 9.37 14.19 15.04 7.67 7.1 

6.22 9.22 7.72 9.42 14.46 8.6 9.8 

6.2 6.94 8.64 10.98 14.05 16.61 18.96 

7.34 13.12 7.09 20.38 23.9 24.8 14.79 

6.51 10.03 

7.71 
6.81 
8.21 
10.15 

Average 7.58 9.52 8.57 13.74 16.86 14.42 12.66 
Stdev 1.29 2.25 1.07 4.20 4.08 6.93 4.56 

3. Heat Penetration Tests 

Heat penetration (HP) tests were conducted to achieve a target F0 of 6.0 minutes inside the chicken 
piece (40x40x 16 mm) placed at the cold spot in chicken-dumpling pouches at the end of complete 
thermal process. The 8-oz PrintPack pouch was filled with food components of the pre-selected 
ration (95 g chicken breast pieces, 80 g sauce, 16 g dumplings, and 7 g vegetables) and sealed with 
an UltraVac 250 vacuum pouch sealer (KOCH Packaging Supplies Inc., Kansas City, MO) under 
pre-selected conditions (vacuum setting: 2.5; sealing time setting: 4). The size of cut chicken pieces 
was 16x 16x 16 mm except for the piece for temperature measurement at the cold spot. Temperature 
profiles in the chicken piece at cold spot were measured by Ellab sensors during the tests. The test 
parameters and conditions were same as those stated in Section 1. 

A total of 37 data points were collected from 19 HP tests runs conducted over 17 days. Figure 3.1 
shows sample temperature profiles measured by Ellab sensors during one test. Table 3.1 
summarizes F0 values obtained from all the tests. The F0 varied from 6.2 to 15.1 min during the tests 
performed with the selected processing schedule. The thermal contribution during the cooling 
period was considered in the F0 calculation for the HP tests. Table 3.2 summarizes the important 
processing parameters for the 37 data sets including MW power, processing time, and water 
temperature in heating and holding sections. 
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Fig. 3.1 Sample temperature profiles measured by four Eilab sensors during one test. 
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Table 3.1 Location of pouches on the mesh belt and F0 at the cold spot of the pouches at the end of 
processing 

Testing date 
Jan 

12-11 
test3 

Jan 
13-11 
testl 

Jan 
13-11 
test2 

Jan 
14-11 

testl 

Jan 
14-11 

test2 

Jan 
18-11 
test2 

Jan 18 
11 

test3 

Jan 
19-11 

testl 

Jan 
21-11 
testl 

Jan 
24-11 
testl 

Jan 
24-11 
test2 

Jan 
25-11 

testl 

Jan 
25-11 
test2 

Jan 
26-11 
testl 

Jan 
26-11 

test2 

Jan 
27-11 

testl 

Jan 

27-11 
test2 

Jan 
28-11 

testl 

Jan 
28-11 

test2 

Pouch 

location on 

the mesh 

belt 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

F0, 
min 

1 

2 

3 6.88 

4 

5 12.65 

6 9.11 6.51 6.81 

7 6.16 

8 7.65 

9 6.89 

10 7.34 

11 8.21 

12 6.22 6.9 7.71 

13 8.95 

14 15.14 

15 12.23 

16 7.92 

17 12.19 

18 8.21 14.38 

19 6.26 

20 7.15 

21 

22 10.15 7.58 

23 11.23 

24 13.56 

25 8.81 

26 14.06 

27 6.45 

28 

29 9.01 

30 

31 

32 14.71 

33 13.36 

34 9.14 

35 14.00 

36 

37 9.86 

38 

39 13.65 

40 14.44 

41 

42 
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Table 3.2 MW HP Test Matrix and Data Summary 

Microwave Assisted Sterilizer Heat Penetration Test Data Summary 
MW Section Lengths Belt Speed: 3.33ft/min 

Preheat: 20.0 ft 
MW Heating: 10.625 ft 

Holding: 10.917 ft 

Run/TC 
IT. 

CF) 

Preheat 

Time 
(min) 

Max.* 
Preheat 
Temp. 

CF) 

Time in 
Heating 
Section 

(min) 

Max.* 
Temp, in 
Heating 
Section 

CF) 

Time in 
Holding 
Section 

(min) 

Max.* 
Temp, in 
Holding 
Section 

CF) 

Max.* 
MW 

Power 
Cavity 1 

(kW) 

Max.* 
MW 

Power 
Cavity 2 

(kW) 

Max ' 
MW 

Power 
Cavity 3 

(kW) 

Max.* 
MW 

Power 
Cavity 4 

(kW) 

General 
Method 

Lethality 

w 
Belt 

Speed 
(ft/mm) 

System 
Pressure 

(P«8) 

Fill Wtof 
Chicken 

(01) 

Fill Wt of 
Dumpling 

(oz) 

Fill Wt of 
Vegetable 

(oz) 

Fill Wt 
of 

Bauoa 
(oz) 

1 JarV12/11-T3/6 4397 30 00 16461 3 19 256 17 3 28 254 93 7.16 632 2 59 2 55 9 11 3.33 34 85 3 35 127 056 2 82 

2 Jan/12/11-T3/12 44 31 30 00 164 81 3 19 255 79 328 255 00 7 16 6 32 2 59 2 55 6 22 3 33 34 85 3 35 1 27 056 2 82 
3 Jan/13/11 n/12 43 16 30 00 165 00 3 19 256 08 328 255 09 726 644 2 59 253 690 3 33 34 92 335 1 27 056 2 82 
4 Jan/13/11 T2/10 42 75 30 00 164 62 3 19 256 41 328 255 06 722 642 260 254 734 3 33 34 96 3 35 127 056 2 82 
5 Ian 14/11 11 06 41 76 30 00 165 02 3 19 256 59 3 28 254 70 728 644 2 59 2 59 6 51 3 33 34 96 3 35 1 27 0 56 282 
6 Jan/14/11 T1/12 41 29 30 00 165 02 3 19 256 44 3 28 254 70 7 28 644 2 59 2 59 7 71 3 33 34 96 335 1 27 0 56 282 
7 Jan/14/11 T2/06 43 25 30 00 165 02 3 19 256 26 328 254 70 7.17 6 36 2 59 2 59 6 81 3 33 34 86 3 35 1 27 056 282 
8 Jan/18/11 12/18 44 69 30 00 165 06 3 19 256 64 3 28 254 80 7 26 642 2 59 254 821 3 33 34 75 3 35 127 0 56 282 
9 Jan/18/11 T3/22 43 56 30 00 165 00 3 19 255 87 328 254 46 7 18 6 39 2 59 2 58 10 15 3 33 34 72 3 35 1 27 056 2 82 
10 Jan/19/11 T1/24 40 51 30 00 165 27 3 19 255 72 3 28 254 80 7 20 6 35 2 59 2 55 13 56 3 33 35 25 3 35 127 056 2 82 
11 Jan 21/11 T1/22 39 56 30 00 165 15 3 19 256 19 3 28 254 46 724 6 40 2 59 262 758 3 33 34 84 3 35 1.27 056 2 82 
12 Jan/21/11 T1/27 39 69 30 00 165 15 3 19 256 01 3 28 25457 724 640 2 59 2.62 6 45 3 33 34 84 3 35 1 27 056 2 82 
13 Jan/24/11 T1/25 3893 30 00 165 18 3 19 256 69 328 254 62 7 21 640 2.59 258 881 3 33 34 87 3 35 1.27 056 2 82 
14 Jan. 24  11 T1/37 3947 30 00 165 18 3 19 256 46 3 28 255 09 7 21 6 40 259 258 986 3 33 34 87 3 35 127 0 56 2 82 
15 Jan/24/11 T2/15 40 06 30 00 165 02 3 19 255 90 328 254 71 7 25 6 39 2 59 257 12.23 3 33 34 77 3 35 1 27 056 282 
16 Jan/24/11 12/32 40 08 30 00 165 02 3 19 256 62 3 28 254 93 725 6 39 2 59 2 57 1471 3.33 34 77 3 35 1 27 0 56 2 82 
17 Jan/25/11 11 40 40 12 30 00 166 05 3 19 256 77 328 255 11 727 6 39 2 59 257 14 44 3 33 34 82 3 35 1 27 056 2 82 
18 Jan/25/11 T2/29 41 07 30 00 165 54 3 19 256 80 3 28 254 98 7.17 6 36 2 59 2 63 9 01 3 33 34 79 3 35 1.27 056 282 
19 Jan/25/11 T2/34 41.38 30 00 165 54 3 19 257 09 328 254 98 7 17 636 2 59 263 9 14 3 33 34 79 3 35 127 056 2 82 
20 Jan/26/11 11 08 40 64 30 00 165 74 3 19 256 19 3 28 254 61 729 642 2 59 2 58 7 65 3 33 34 93 3 35 1 27 056 282 
21 Jan/26/11 T1/11 40 84 30 00 165 74 3.19 255 72 3 28 25461 7 29 642 2 59 258 821 3 33 34 93 3 35 1 27 056 282 
22 Jan, 26. 11 T1/16 40 78 30 00 I6E 7* 3 19 256 19 328 254 61 7 29 6.42 2 59 258 7 92 3 33 34 93 3 35 1 27 056 2 82 
23 Jan/26/11 T2/07 41 22 30 00 165 69 3 19 256 42 328 25475 7 22 642 259 256 6 16 3 33 34 79 3 35 1 27 056 2 82 
24 Jan/26/11 T2/13 42 46 30 00 16569 3 19 256 01 3 28 25497 7 22 6 42 2 59 256 895 3 33 34 79 3 35 1 27 056 2 82 
25 Jan 76. 11 T2/17 41 47 30 00 165 69 3 19 256 86 3 28 254 97 7 22 642 2 59 2.56 12 19 3 33 34 79 3 35 127 056 2 82 
26 Jan/2 7/11 T1/03 41.16 30 00 165 70 3 19 256 41 328 254 37 7 18 635 2.59 257 6 88 3 33 35 00 3 35 1 27 0 56 2 82 
27 Jan/27/11 T1/09 41.13 30 00 165 70 3 19 25581 328 254 75 7 18 6 35 2 59 257 6 89 3 33 35 00 3 35 1 27 056 2 82 
28 Jan/27/11 T1/19 42 03 30 00 165 70 3 19 256 33 3 28 254 84 7 18 6 35 2 59 2.57 6 26 3 33 35 00 3 35 1 27 056 2 82 
29 Jan/27/11 12/14 40 59 30 00 165 45 3 19 255 88 328 254 61 7 20 6 37 2.59 258 15 14 3 33 34 85 3 35 1 27 056 2 82 
30 Jan/27/11 T2/23 39 97 30 00 165 45 3 19 256 06 328 254 61 720 6 37 2 59 258 11 23 3 33 34 85 3 35 1 27 056 2 82 
31 Jan/27/11 T2/35 40 64 30 00 165 45 3.19 256 59 3 28 255 16 720 637 2 59 2 58 14 00 3 33 34 85 3 35 1 27 056 282 
32 Jan/28/11 11/18 38 57 30 00 16569 3.19 255 51 328 254 53 7 16 636 2 59 256 14 38 3 33 34 87 3 35 1.27 0 56 282 
33 Jan/28/11 11/26 38 68 30 00 16569 3 19 255 70 3 28 254 88 7 16 636 2 59 256 14 06 3 33 34 87 3 35 1 27 056 282 
34 Jan/28/11 11/33 38 41 30 00 165 69 3 19 256 06 3 28 255 18 7 16 636 2.59 256 1336 3 33 34 87 3 35 1.27 056 2 82 
35 Jan 28 11 T2/05 41 07 30 00 16570 3 19 256 64 3 28 254 53 7 24 6 38 259 2.59 1265 3 33 34 69 3 35 127 056 2 82 
36 Jan/28/11-T2/20 41 52 30 00 165 70 3 19 256 01 3 28 254 53 7 24 6 38 2 59 2 59 7 15 3 33 34 69 3 35 1 27 056 2 82 
37 Jan/28/11-T2/39 41 07 30 00 165 70 319 256 73 328 255 00 7 24 6 38 2 59 259 13 65 3 33 34 69 3 35 1 27 056 282 

HP Values 44 69 30 00 166 05 3 19 257 09 328 255 18 729 644 260 263 6 16 3 33 35 25 In 

4. Microbiological Validation of MW Process 

4.1. Update of microbial work - determination of D- and z-values of PA 3679 Clostridium 
sporogenes spores in chicken breast 

Raw skinless chicken breast was ground in a small electric food blender for 2 min. Ten g of 
blended chicken was placed in a 50 ml disposable conical centrifuge tube. Five hundred ul of PA 
3679 # 308 Clostridium sporogenes spore crop (Mah July 2007 bottle no. 1) was placed in a 
depression formed in the chicken. A sterile metal spatula was used to thoroughly mix the spores 
and chicken for 10 min. A hypodermic syringe with a snipped yellow 0-200 ul pipette tip was used 
to inject chicken to a length of 50 mm inside a 1.8 mm glass capillary tube, then a 1.5 mm glass 
capillary tube was used to transfer the sample to the center of the 1.8 mm capillary tube. A lightly 
alcohol-wetted piece of Kimwipe wrapped around a 24 ga steel wire was used to clean traces of 
chicken from the end of the tube, to facilitate better flame-sealing with a Bunsen burner. Heat 
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treatment was performed at pre-selected temperatures (113.0, 115.0, 118.0, and 121.1°C) in an oil 
bath for a variety of time intervals appropriate for each selected temperature. A 12 sec come-up 
time was included for all temperatures studied. Samples were cooled immediately for 2 min in an 
ice-water bath. Capillary tubes were opened aseptically with a file and contents were transferred to 
pre-weighed 15 cm conical centrifuge tubes containing 3 ml of sterile 0.1% peptone water. Tubes 
containing chicken were re-weighed and net weight of chicken was calculated. Chicken was 
homogenized by hand using the base of a sterile metal transfer loop handle or flame-polished glass 
rod using a grinding motion against the centrifuge tube bottom. Tenfold serial dilutions were 
performed using tubes containing 4.5 ml of 0.1% sterile peptone water. One ml of appropriate 
dilutions was duplicate spread-plated with TPGY agar and incubated 3 days at 32°C under 
anaerobic conditions. Plate counts were taken and CFU/ml and CFU/g chicken were calculated. 
Experiments were replicated 2-3 times. 

Average D-values for the different temperatures were calculated and the z-value determined (Table 
4.1 & Fig. 4.1). The D-value of PA 3679 spores in chicken breast at 121.1 °C was 0.97 min; the z- 
value of PA 3679 spores in chicken breast was determined to be 9.26°C. 

D-values of PA 3679 spores in dumplings and sauce at 121.1 °C were determined previously: 0.47 
min and 0.68 min, respectively. 

Table 4.1 Summary of D-value •esults 
Temp, D value, min Log10 D-value 

Repl Rep 2 Rep 3 Average Std Dev Repl Rep 2 Rep 3 Average Std Dev 

121.1 0.95 0.99 0.97 0.03 -0.02 0.00 -0.01 0.01 

118 2.99 2.30 2.03 2.44 0.50 0.48 0.36 0.31 0.38 0.09 

115 5.01 5.03 5.02 0.01 0.70 0.70 0.70 0.00 

113 5.89 7.95 7.66 7.17 1.12 0.77 0.90 0.8S 0.85 0.07 

1.0 
Chicken z-Value Jan-Feb, 2011 

0.8 
^                   z = 9.26°C I 

-0.108X+ 13.088 

0.6 
V 
3 

Ö   0.4 
a 
5 

0.2 

^\3 ► 

R2 = 0.9915 

1 2 113 114        115        116        117        118        119 120        121 122 

-0.2 
Temp, °C 

Fig. 4.1 Test results for determination of z-value of PA 3679 spores in chicken breast 

10 
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4.2. Development of processing schedules for inoculated pack studies 

Systematic tests were conducted with different belt speeds to achieve different Fo values at the cold 
spot inside chicken-dumpling pouches. After each test run, Fo values for the selected pouches were 
determined by the general method based on the temperature profiles measured by the Ellab sensors. 
The thermal contribution during the cooling period was included in the calculation of the F0 values. 
The moving speeds of the food pouches were selected for achieving the Foof 2.4, 4.2, 6.2, and 8.6 
min. Table 4.2 summarizes the developed processing schedules. 

Table 4.2 Processing schedules for inoculated studies 

Process Fo, Moving MW power setting, kW 
level min speed, 

inch/min 
Cavity 

1 
Cavity 

2 
Cavity 

3 
Cavity 

4 
Level-1 2.4 46 7.0 6.2 2.6 2.5 
Level-2 4.2 43 7.0 6.2 2.6 2.5 
Level-3 6.2 40 7.0 6.2 2.6 2.5 
Level-4 8.6 39 7.0 6.2 2.6 2.5 

4.3. Selection of inoculation level for inoculated pack studies 

Inoculation level is a critical parameter for inoculated pack studies. The inoculation level should be 
selected based on the following rule: there are surviving spores in all or most of the inoculated 
packages after processing under the lowest process level (Level 1); there are surviving spores in 
some of the inoculated packages after processing under a lower process level (Level 2); there are no 
surviving spores in any of the inoculated packages after processing under a higher process level 
(Level 3) and the highest process level (Level 4). An inoculation level of 5*103 CFU/pouch was 
selected for the inoculated pack studies in this project. Theoretically, after processing under process 
level 1, 2, 3, or 4, the number of spores surviving in each inoculated pouch are 17, 0.234, 0.002, and 
0.0000068. Consequently, the chance of a single spore surviving in each inoculated pouch is 100%, 
23.4%, 0.2% and 0.00068%, respectively (Table 4.3). 

Table 4.3 Chance of spore survival under different process levels (with inoculation of 5x 103 

CFU/pouch) 

Processing 
level 

Moving 
speed, 

inch/min 
Fo 

Log,, 
reduction 

Inoculation level option : 
5x10: CFU/pouch 

Expected 
number of 
surviving 

spores per 
pouch 

Expected 
chance of 

survival of a 
single spore in 

a pouch 

Level-1 46 2.4 2.474 16.7781163 100% 

Level-2 43 42 4.330 0.2339231 23.4% 

Level-3 40 6.2 6392 0.0020287 0.20% 

Level-4 39 8.6 8.866 0.0000068 0.00068% 

II 
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4.4. Preparation of samples and inoculation of the pouches 

Each 8-oz Printpack pouch was filled with 95 g cut chicken breast pieces, 80 g sauce, 16 g 
dumplings, and 7 g vegetables. Among the fillings, a piece of cut chicken breast (40><40x 16 mm) 
was inoculated by pipetting 10 ul of spore crop containing 5 * 103 CFU spores and was placed at 
the cold spot inside the pouch (Fig. 4.2). The pouches were sealed with an UltraVac 250 vacuum 
pouch sealer (KOCH Packaging Supplies Inc., Kansas City, MO) using a custom program (vacuum 
setting: 2.5; sealing time setting: 4) permitting a small amount of residual air (less than 3.5 cc) in 
the package. For each test run, two pouches with an El lab sensor placed at the cold spot were 
prepared. The sealed pouches were kept in a cold room (4°C) prior to MW sterilization. 

Cold spot 

location 

Inoculated 
chicken piece 

at cold spot 
location 

(pouch 

opened after 

processing) 

Fig. 4.2 Inoculation of sample and location of inoculated sample 

4.5. Preliminary inoculated pack studies 

Preliminary inoculated pack studies were conducted at three process levels (Level 1, 2, and 3) 
(Table 4.4). One test run was performed for each processing schedule. Five or ten inoculated 
pouches and two pouches with El lab sensors were processed in each test. Five control pouches were 
inoculated with spores which were heat-shock activated by pre-treatment (heated for 20 min at 80°C 
then immediately cooled in ice-water). All the processed and un-processed control pouches were 
placed in a walk-in incubator at 36.5 ± 0.5°C for incubation (Fig. 4.3). Table 4.5 summarizes the 
observation results after 60 days of incubation (updated on April 30, 2011). All 5 control pouches 
swelled within 1 day due to gas production resulting from the growth of C. sporogenes PA 3679. 
Three out of 5 pouches processed at Level 1 (Fo = 2.4 min) and 4 out of 10 pouches processed at 
Level 2 (Fo = 4.2 min) swelled in 3 days. The other pouches have shown no evidence of gas 
production. 

Table 4.4 Experimental design for preliminary inoculated pack studies 

Injection of 
spores 

Processing 
level 

Moving 
speed, 

inch/min 
Fo 

Inoculated 
pouches 

Inoculum, 
CFU/pouch 

Level-1 46 2.4 5 5 x 10' 

Level-2 43 4.2 10 5 x in3 

Level-3 40 6.2 5 5 x 10' 

Control un-processed 5 5 x IO3 
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Fig. 4.3 MW processed and control pouches being incubated in walk-in incubator 

Table 4.5 Incubation results for preliminary inoculated pack studies (updated on April 30, 2011; 
after 60 days' incubation) 

Observation Sheet (preliminary chic ken dumpling inoculated pack st udies) 

Days of incubation 0 1 2 3 4 5 10 20 30 40 50 60 

Obiervation date I-Mar 2-Mar 3-Mar 4-Mar 5-Mar 6-Mar 11-Mar 21-Mar 31-Mar 10-Apr 2C-Acr 3C-Arr   1 

Pouch#1 Neg B B B B B B B 3 8 8 B 

Control with 

sport« 

Pouch #2 Neg 8 8 8 B B B B B 8 8 B 

Pouch »3 Neg              8 8 B B B B B B 8 8 8 

Pouch*» Neg              3 8 B B B B B B 8 B B 

Pouch #5 Neg              3 B B B B B B B B B B 

Pouch »8 

Neg 

Neg Neg Neg Neg Neg Neg Neg Nee Neg Neg Neg Nag 

Fc-2.4|L1) Pouch »9 Neg Neg Neg Neg He* Neg Neg Neg Neg Neg Neg Neg 

Pouch #11 Neg Neg B B 

Pouch#12 Neg Neg B                  3                                                            & 

Pouch#7 Neg Neg Neg Neg Neg Neg Nag Neg Neg Neg 'i«; 

Pouch #8 Neg Neg Neg Neg 

8 

Neg Neg Neg 

Pouch #9 Neg Nag e B 

Pouch#10 Neg '.i£ Neg B B B B 3 B B B 

Fo-4.2(L2) Pouch#11 Neg Neg Neg B 3 g 

Pouch #13 Neg Neg Nee Neg Neg •■Jeg Nag Neg Neg Neg Neg 

Pouch#15 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Pouch «16 Neg Neg Neg Neg Neg Neg Neg Neg Neg Nag Neg Neg 

Pouch«17 Neg Nes Nee Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Pouch#7 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Pouch #8 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Fox 6.2 113) Pouch#9 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Pouch#11 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Pouch#12 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

Observerjsf: FL.2T, HL FL.ZT, HL FL. 2T, HL FL.ZT, HL HL HL HL HL HL HL HI HL 

Note: B-bulging; Neg-negative 

FL-FrankLiu: ZT-Zhongv/ei Tang; HL-Huimin Lin 

13 
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4.7. Final full-scale inoculated pack studies 

Tests were conducted in two replicates under each of the four process levels (Table 4.6). In each 
test, 25 inoculated pouches, 5 un-inoculated pouches, 2 pouches with Ellab sensors, and 10 dummy 
pouches (5 placed at each end of the conveyor belt) were processed. A total of 8 runs of tests were 
performed for the inoculated pack studies. All the MW-processed and control pouches were moved 
into the walk-in incubator on March 25, 2011 for incubation (Fig. 4.4). 

Table 4.6 Experimental design for full scale inoculated pack studies 

Processing 
level 

Moving 
speed, 

inch/min 

1 „ in in Inoculated 
Pouches 

(per replicate) 

Inoculum/ 
Pouch 

Un-inoculated/ 
Treated Pouches 

(per replicate) 

Replicate 
Runs 

Total 
Pouches 

Level-1 46 2.4 25 5* 103 5 2 60 

Level-2 43 4.2 25 5* 103 5 2 60 

Level-3 40 6.2 25 5x 103 5 2 60 

Level-4 39 8.6 25 5 x 103 5 2 60 

Control 
un- 

processed 
30 5 * 103 N/A N/A 30 

Total 270 

^^teZ.      .M 

Fig. 4.4 MW processed and control pouches placed in walk-in incubator for incubation. 

The walk-in incubator was controlled at 36.5 ± 0.5°C (Fig. 4.5), which was monitored every 5 days 
with 3 thermometers placed at different locations and recorded on a 24-h circular chart recorder. 
The pouches were / are / will be observed every day for the first 5 days and every 5 days thereafter 
for 3 months. 

Table 4.7 summarizes the observation results after 80 days of incubation (updated on June 13, 2011). 
All 30 untreated inoculated control pouches swelled within 1 day due to gas production resulting 
from the growth of C. sporogenes PA 3679. All the 10 un-inoculated pouches processed at each 
level were negative. Bulging was detected in 27 of 50 inoculated pouches (54%) processed under 
Level 1 (Fo = 2.4 min), and in 2 of 50 pouches (4 %) processed under Level 2 (Fo = 4.2 min), 
respectively. The inoculated pouches processed under Level 3 & 4 (Fo = 6.2 & 8.6 min) have shown 

14 
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no evidence of gas production. The incubation results suggest that the M W sterilization processing 
delivered expected lethalities to C. sporogenes PA 3679 spores. 

Fig. 4.5 Temperature controlled for incubation 

Table 4.7 Incubation results for final full-scale inoculated pack studies (updated on June 13, 2011; 
after 80 days' incubation) 

Process 
Level 

F0, min 
Inoculum 
/ Pouch 

Replicate 
Runs 

Number of 
Observed Date 

(days) Sample 
Pouches 

Positive 
Pouches" 

Control N/A 5 x in3 N/A 30 30 1 

Level-1 2.4 
5 x 103 1 25 13 2-3 

2 25 14 2-3 

Un-inoculated 
1 5 0 
2 5 0 

Level-2 4.2 
5 x 103 1 25 1 25 

2 25 1 2 

Un-inoculated 
1 5 0 
2 5 0 

Level-3 6.2 
5 x 103 1 25 0 

2 25 0 

Un-inoculated 
1 5 0 
2 5 0 

Level-4 8.6 
5 x in3 1 25 0 

2 25 0 
Un-inoculated 1 5 0 

2 5 0 
a: When a complete bulging is detected, the pouch was considered positive. 
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5. Others 

• 

• Forty chicken dumpling pouches were processed with the MW processing schedule for 
Fo=6.2 min. After 10 days' incubation at 36.5°C, the pouches were shipped to Natick for 
evaluation. 

• Forty chicken dumpling pouches were processed in hot water for Fo= 6 min and were 
shipped to Natick for evaluation after 10 days' incubation at 36.5°C. 

General Summary 

• The temperature profiles and F0 values inside different food components at the cold spot 
identified by the chemical-marker-based computer-vision method inside chicken-dumpling 
pouches were measured with Ellab sensors. The chicken piece received the lowest thermal 
treatment and was chosen as the target component for temperature measurement in MW 
processing development. 

The temperature proFiles and Fo values at selected points inside chicken-dumpling pouches 
were measured with Ellab sensors. The cold spot identified by the chemical-marker-based 
computer-vision method was confirmed as the actual cold spot inside the real food pouch. 

Heat penetration (HP) test results show that, under the HP test conditions, the MW 
sterilization system delivered a thermal process to achieve F0 higher than 6.0 min at the cold 
spot in chicken-dumpling pouches (each 8-oz PrintPack pouch filled with 95 g chicken 
breast pieces, 80 g sauce, 16 g dumplings, and 7 g vegetables) at the end of processing. 

Four processing schedules for inoculated pack studies were developed to achieve different 
target Fo values varying from 2.4 to 8.6 min. An inoculation level of 5* 103 CFU/pouch was 
selected for the inoculated pack studies. 

Preliminary inoculated pack studies were conducted in a small scale under three lower 
process levels (Level 1, 2, and 3). 

Full scale inoculated pack studies were finally conducted. Results showed that the developed 
MW sterilization processing delivered expected lethality to C. sporogenes PA 3679 spores. 

• Forty chicken-dumpling pouches processed in MW for Fo=6.2 min and 40 pouches 
processed in hot water for Fo=6 min were shipped to Natick. 

Future Work 

• Prepare documentation for supporting USDA acceptance of the MW process for chicken- 
dumpline pouches. 

• 
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Development of Time/temperature Indicator Labels for Microwave Sterilization Process 

Hans Ribi1, Galina Mikhaylenko2, Thomas Dunn3 

Abstract 

Co-topo-polymeric indicator compositions have been adapted as an ink me- 
dium suitable for confirming the exposure of a printed label on a flexible 
pouch to a target temperature for an indicated interval. The ink was printed 
onto heat resistant pressure sensitive-coated film and adhered to the outer 
surface (oriented polyester) of polymeric laminated pouches and processed 
in a microwave sterilization process. The observed color change confirmed 
the time/temperature exposure of the pouches in the process as confirmed by 
packaged electronic sensors. 

Background 

Military rations are currently packaged in multilayer aluminum-foil laminations which 
provide significant oxygen, water vapor, and light barrier. For a variety of reasons (Ratto 
et al., 2006) the military seeks to convert packaging for such rations to non-foil, poly- 
meric packaging materials. 

Microwave Sterilization (MWS) represents one major objective for replacing foil lamina- 
tions (Tang et al. 2008). The process is a thermal one with the advantage of being able to 
raise pre-packaged contents of containers to sterilizing temperatures (121 -125°C) rapidly 
(3-5 minutes) and maintaining target temperatures for the time required to kill pathogenic 
spores. This heating is quicker and degradation from heating is much less than in conven- 
tional retort processing (e.g. 20-30 minutes). 

Operating and verifying the operation of a commercial MWS process requires reliable 
conformance to validated process conditions. Such conformance calls for sophisticated 
real time instrumentation of all parameters identified in the validation process. Reliable 
and accurate devices are of course crucial to this end. However, should such controls and 
backups fail, the shorter target time at sterilizing temperature for MWS implies that rela- 
tively small shortfalls will be more unsafe than in conventional thermal processes. An 
integral time/temperature indicator on the container will provide independent food safety 
and quality assurance for such contingencies. 

As a step towards a heat resistant ink that can be printed on the packaging material, this 
research effort was devoted to evaluating the precision and accuracy of a model ink 
printed on pressure-sensitive labels and adhered to the outside of filled pouches. 

The model ink is based on "Co-topo-polymers" disclosed in Ribi (2010). Compositions 
of these polymers are produced via polymerization of one or more monomeric compo- 
nents. The precursor compositions may have various ratios of distinct monomers, such as 
monomeric analogs, and may include one or more functional additives, e.g., that find use 
during co-crystallization. By way of example, consider the diacetylenic fatty acid, 2,4- 

' Segan Industries, Burlingame, CA 
: Washington State University, Dept. Biol. Sys. Eng., Pullman, WA 
3 Printpack Inc. Atlanta. GA 
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Heneicosadiynoic acid (Cas No. 69288-33-1) [CH?-(CH2),5C=C-C=C-COOH]. The 
many areas of bond conjugation present in mixture of polymers including this and analo- 
gous diacetylenic monomers interact with light to produce color effects. Additionally, the 
inter-molecular rigidity resulting from multiple diacetylenic bonds in the polymer causes 
temperature dependence of the tertiary molecular and cystalline structure. This in turn 
changes interaction with light in reversible or irrreversible ways. 
Design latitude in time/temperature dependency of the pigment polymers results from 
selection of monomer hydrocarbon chain length (e.g., 10 to 30 carbon atoms long), head- 
group structure (e.g., ester, amide, etc.), bond positioning, appendages, chirality, related 
features, and/or combinations thereof. Table 1 summarizes the design specifications used 
for the composition developed here: 

Table 1: Design Specifications for TTI label ink 
Print/Process Conditions Duration Exposure State Change Pressure 
Flexographic drying < 1 sec. 80    100°C reversible Ambient 
Heat laminating Nip < 1 sec. 80 - 90°C reversible 20-60 psi 
Storage stability 3-6 Months 20-25°C reversible Ambient 
Hot filling 10-30 min. 70 - 90 °C reversible Ambient 
Pre wanning 10-30 min. 70- 100°C reversible Ambient 
Microwave sterilization 3-5 Min 120- 125°C irreversible 30 psig 
Post processing storage 3 years 0 - 60°C no reversion Ambient 

The plan to develop a time/temperature indicator ink for MWS processing includes a se- 
quence of: 

1. Laboratory calibration to an irreversible color change of select co-topo-polymers after 
simulated (heated oil-bath) MWS-exposure for indicated duration at target processing 
temperatures. 

2. Pilot-plant verification of the co-topo-polymer effect using pressure sensitive labels 
on packaged food pouches as they are microwave sterilized. 

3. Commercial validation of the co-topo-polymer incorporated into a flexographic ink 
and reverse printed onto oriented polyester film to be laminated to the outside of 
functional barrier polymeric pouches by processing them in the MWS pilot-plant. 

The initial two steps of the plan are addressed in this report. 

Materials and Methods 

Laboratory calibration 

Proprietary formulations of the co-topo-polymeric pigments were prepared and milled 
into a high solids content "screen*" ink vehicle. This ink was then applied with a hand 
proofer to a heat-resistant oriented polyester film coated with a pressure sensitive adhe- 
sive (PSA). The printed film was cut into approximately 4 cm long pieces and adhered to 
one end of thin aluminum strips, about 2x10 cm. 

The printed film ends of the aluminum strips were dipped into a temperature-controlled 
(±1 °C) silicon oil bath for increasing intervals (10 seconds to 5 minutes, as measured by 
a stopwatch). These intervals were repeated at increasingly higher temperatures. 

TTI Labels for MWS Process Page2 of 5 
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The strips were allowed to cool to ambient temperature and color-compared to each other 
and untreated strips. Two formulations were chosen for future evaluation (Table 2): 

Table 2: TTI ink candidates 
Property Ink type A Ink type B 

Color Density Very Dense Less Dense 
Initial Color Dark Blue Light Blue 
Color change: 
124°C;>4min 

magenta pinkish magenta 

Pilot-plant verification 

Strips (approximately 3x7 cm) of the same PSA coated polyester film printed with the 2 

Temperature profiles and F0 values 
Run! 

Temperature profiles and FO values 
Run 2 

-Ti* 

-MU8 
-TM 

I iino, nun 

Figure A: MWS Process Conditions 

best inks found in the calibration process were adhered to the outside of barrier all- 
polymeric pouches filled with salmon patties with Alfredo sauce. The pouches also con- 
tained the Ellab sensors used by WSU. 

The MWS pilot plant is described in Tang et al. (2008). Specifically for this test, the 
MWS process was conducted using microwave power at 7.5, 7.5, 4.7 and 4.7 kW in the 4 
cavities. Temperatures were set to: 72/124/123 °C for preheating, heating, and holding 
sections respectively with belt moving at 35 inch/min. Figure A summarizes the 
Time/temperature profile for the two runs with labeled pouches. 

Results and Discussion 

Laboratory calibration: 

Color comparisons of the two preferred ink pigments are presented in Figure B. Each of 
the strips (comprised of an oriented polyester film-based pressure sensitive label adhered 
to a thin aluminum shim stock.) was submerged in the hot silicon oil bath for the time and 
temperature indicated. Each has two strips of printed film, one with ink A (left) and ink B 
(right). The image provided here (Figure B) presents the color of each strip after return- 
ing to room temperature. Here Ink A indicates little color change until about 50 seconds 
at 130°C. This change to magenta is clearly established by 120 seconds at 130°C, and too 
bright magenta by 180 seconds at 130°C. Ink B exhibited less reliable color dependability 
over the entire range of time and temperature, but demonstrated a clear change to pinkish 
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magenta by 50 seconds exposure at 130°C. By 120 seconds at 130°C. the change was 
clear and noticeably differed from the untreated color. 

These results were used to enhance the two formulations for the PSA labels sent to WSU 
for pilot plant runs there. (Actual formulation adjustments are proprietary, but are as indi- 
cated in the disclosures of Ribi (2010)). 

Pilot-plant verification 

Pre-run dielectric testing verified that no microwave field / ink interaction occurs. 

Color comparisons of pouches labeled with the two ink pigments are presented in Figure 
C. Electronic thermocouples in the pouches were used to correlate the internal tempera- 
tures reached by the salmon with the external temperature of the pouches. Both inks can 
be optimized for distinct and irreversible color change following the selected time at the 
desired temperature 

I 
■ 

III 
J2*'o 

1111 111 IP 
2,\ £• 

Hil III Mlili 
Time. Vf.. I 

Figure B: Color comparison of time temperature exposures of indicator inks 
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Figure (': Color comparison of TTI labels untreated and exposed to MWS conditions 

Conclusions 

Co-topo-polymeric compositions can be developed and adapted for the time and tempera- 
ture process conditions present during microwave sterilization. A bench top procedure for 
screening and evaluation of compositions satisfactorily predicts behavior of the label in 
the MWS structure. 

Advancing these findings to commercial printing processes requires: 

■ Incorporation of the co-topo-polymeric compositions into a heat resistant ink ve- 
hicle. 

■ Adjustment of the ink's viscosity to ink-metering requirements of the printing 
process. 

■ Compatibility of the reverse-printed dried ink film with the adhesive to be applied 
over it in a subsequent laminating step. 

Research is currently underway to address these intermediate assessments and to begin 
production of printed, laminated high barrier all polymeric pouches. 
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Shelf Life Model Calibration 

Introduction 

The M-RULE* Container Performance Model for Foods operates by integrating the 
fundamentals of permeant diffusion and solubility through polymeric (organic) materials, 
perrneant vapor-liquid equilibriums, and time-dependent stress-relaxation behaviors with 
critically evaluated physical data for the component packaging materials. 

Typical technical data available for flexible packaging films provides an oxygen transmission 
rate (02TR ) for the material (typically "ASTM D3985 - 05 Standard Test Method for 
Oxygen Gas Transmission Rate Through Plastic Film and Sheeting Using a Coulometric 
Sensor") The rate is expressed in terms of the volume of oxygen (cubic centimeters at 
standard conditions) passing through a unit area (1 meter squared) of film with unit 
thickness1 (25 microns) over a 24 hour period at specific temperature (°C), humidity (%RH) 
and partial pressure differential (atmosphere). This is a measure of the steady-state rate of 
transmission of oxygen gas through the polymeric material plastics. It provides for the 
determination of (/) oxygen gas transmission rate (OiTR), (2) the permeance of the film 
to oxygen gas (PO2), and (3) oxygen permeability coefficient (P'C^) in the case of 
homogeneous materials. As such it is a contrived laboratory benchmark useful for inter- 
material comparisons, but not an effective, predictive tool for shelf life prediction (unless 
temperature, humidity and the oxygen partial pressure differential for the packaged 
product are sustained as specified for the steady state testing). 

The model accommodates inorganic coalings on standard polymeric materials with a user- 
supplied "Barrier Improvement Factor (BIF)". Instead of the diffusion and solubility 
appropriate for polymeric materials, the model calculates mass movement of permeant 
through such coatings by its inferring its flux through voids in the coating. The M-RULE*' 
handling of inorganic barrier coatings simply assumes the mass transport through whatever 
voids exist in that coating as a function of the delivery of the permeant to the film/coating 
interface and the ability of whatever lies on the opposite face of the coating to remove the 
permeant (e.g. absorption by another polymer, dilution in a free atmosphere, etc). 

The model's handling of polymeric harrier coatings assumes sequential solubility in and 
diffusion across the boundary of two polymers. The partial pressure differential on either 
side of the coated film determines the sequence of transport, through coating into film or 
vice versa. 

The objectives of this analysis are to validate various model inputs about the packaging 
materials with known O2TR values for base and coated films and then using these inputs 
to dynamically model the shelf life of combat rations with M-RULEK 

1 In the case of coated film or multilayered materials, this assumption of uniform transport over a unit 
thickness is not appropriate and the 0;TR is reported per actual thickness. 



Method 

Inorganic Coatings 

Technical data on the O2TR of base films and coated films are typically available. If 
attention is given to ensure consistency of temperature, humidity, and partial pressure 
conditions, these data can be used to directly compute BIF values for the coated film: 

O2TR base 
BIF =  

O2TR dd 

In effect, a BIF value is an indirect measurement of the integrity of the inorganic coating. 

Polymeric Coatings 

To model layered composite polymeric structures, the model must be supplied critical 
characteristics of each component. It then calculates mass transport of oxygen through 
the coated film using these characteristics both to compute the absorption into and 
diffusion through the respective layers and to define the immediate desorption/adsorption 
environment at the interface of the layers. With technical data for base and coated films. 
assumptions about the (usually proprietary) critical components of coatings can be 
inferred in order to fit the model to the technical data. 

Hybrid Coatings 

M-RULE* allows a user to define the nature and distribution of clay nanoparticles 
(inorganic materials) dispersed within a polymeric matrix. This definition controls 
changes in diffusion of oxygen trough the neat polymer. In this way, a hybrid coated-film 
can be modeled with various assumptions until the results fit published technical data. 

Storage Conditions 

The following assumed values for temperature and humidity were modeled using the 
system. The assumed scenarios represented this logistics sequences: 

Scenario Stage 1 Stage 2 Stage 3 
Standard Domestic warehouse marine shipment        jungle warehouse 
Extreme Domestic warehouse marine shipment desert warehouse 

Specifically, these are: 

Standard: 27°C - 50% RH - 365 days 
27°C - 90% RH - 90 days 
38°C - 90% RH - 640 days 

Extreme: 27°C - 50% RH - 90 days 
38°C - 90% RH - 90 days 
49°C-20%RH-915days 



Results 

Individual film components 

Conditions and barrier values were provided by the suppliers of the materials used in the 
MRE non-foil pouch structure. The same conditions were entered into M-RULE* and 
used to optimize the material characteristics until they matched the known data, as presented 
below in Table 1. 

Tab e 1: Data Sheet and Modeled barrier values for films 
Data Sheet Values Model Values 

02TR 
ce#dav/m2 

WVTR 
gm#day/m2 

02TR 
cc»day/m2 

WVTR 
gm»da\7m2 BIF 

'"12uOPET-hybrid 85% RH; 0.4- 
0.8 

50 
20°C, 85% 
RH: 0.717 

24.6 
66 

"15uOBON-hybrid 85% RH; 0.5 240 0.713 26.1 66 
*12uOPET-Al2(Vl .62 2.02 0.695 1.01 42.5 
*12uOPET-Al2(V2 .62 1.09 0.695 1.01 42.5 
#12uOPET-PVdC 12 14 12.2 16.3 2.4 
12uOPET 29.4 38 29.56 35.3 n/a 
15uOBON 0% RH: 47- 

62 
100% RH: 
310-357 

0% RH: 
47.08 

100% RH: 
347.5 

n/a 

75uCPP 207.9 4 200.97 1.66 11 a 

75u mPE 546 5 571.83 4.15 n/a 
* Inorganic Coating      Polymeric Coaling    " llvhrid Coaling 

The only significant difference between reported values from suppliers and model results 
is with regards to the hybrid-coated BON, highlighted in yellow. The model inputs could 
estimate the oxygen barrier of the material very closely, but those same inputs lead to a 
10-fold difference in moisture barrier. However, when used in the non-foil composite 
structure, this 10-fold difference did not appear to have any impact on the results for the 
composite MRE non-foil pouch, as is shown below. 

Composite structure 

The current structure for the MRE non-foil pouch is constructed as follows: 

12u OPET//12u 0PET-A1203 
#2//l 5u OBON-hybrid//75u CPP 

The MRE non-foil pouch (structure #6) was evaluated using the model under the same 
conditions entered for the OTR and WVTR analyses completed as part of Task 2: 
Physical, Barrier & Optical Data. 



Test Type Conditions Tested Values Model Values 
OTR 23°C; 0% RH <0.009 - 0.253 

ccday/m2 
0.017 ccday/m2 

OTR 23°C; 90% RH <0.009 - 0.079 
ccday/m2 

0.017 ccday/m2 

WVTR 37.8°C; 90% RH 0.158-0.555 
gmday/m2 

0.259 gnvda\7m2 

The conditions and characteristics as input into the model provided a close approximation 
of the conditions and results achieved through lengthy, expensive barrier property testing. 
With proper optimization of material characteristics and conditions, the M-Rule system 
can provide consistent OTR and MVTR data for complex packaging structures. 

The following charts are based on values computed for a 7.25" high x 5.25" wide (76.125 
sq in packaging surface) pouch filled nominally with 227g of chicken and dumplings, a 
5.25" high x 3.75" wide (39.375 sq in packaging surface) pouch filled nominally with 
40g of peanut butter dessert bar and a 7.375" high x 4.75" wide (73.625 sq in packaging 
surface) filled nominally with 128g of mango peach applesauce, respectively. Maximum 
fill model scenarios were also run, with very little variation in results from those seen at 
nominal fill. 
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Figure 1. Chicken & Dumplings Package Incremental 02 content (cc*day/package) is 
clearly increased during the extreme storage conditions but remains below 0.003 
cc*day/package for the non-foil pouch structure. In comparison, foil MRE pouches 
remain below 0.001 cc*day/package throughout the entire 3 year shelf life of the product 
under standard storage conditions. 
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Figure 2. Chicken & Dumplings Product O2 content (ppm*day/package) rose 
throughout the shelf-life but stayed relatively low under standard conditions for the non- 
foil pouch. Under extreme conditions, the product O2 content nearly doubled from 0.15 
ppm *day/package to 0.28 ppm*day/package. If particular vitamins or compounds that 
are oxygen-sensitive could be affected even by such low-level increases, the model inputs 
can be altered to track vitamin content and activity. 

Chicken & Dumplings Product Moisture content (%RH/day) was maintained at 
approximately 76% for all package types under both sets of conditions, which used 50% 
RH as the environmental condition and 0% RH in the headspace gas composition 
(degassed fill) at filling time. The chicken and dumplings were given a lower moisture 
specification of 50% RH and an upper moisture specification of 100% RH. If more 
refined moisture specifications are vital for product quality and regulatory requirements, 
the current non-foil structure as well as future material changes can be modeled to 
determine the effect on moisture content as necessary. 
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Figure 3. Chicken & Dumplings Headspace O2 content (%/day) increased with time, 
and increased more rapidly under the extreme conditions. The foil structure maintained 
headspace O2 at below 0.2% over the standard 3 year shelf-life, while the non-foil stayed 
below 0.45% during the standard shelf-life and below 0.85% during the extreme storage 
conditions. As with the product O2 content, this can be monitored more closely over the 
period of concern and with respect to oxygen-sensitivity. 

Chicken & Dumplings Headspace Relative Humidity (%/day) was maintained at 
100% for both the foil and non-foil structures under both sets of conditions due to the 
high moisture content of the food. 
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Figure 4. Chicken & Dumplings Package Volume (mL/day) started at 500 mL and 
maintained fairly steadily with a high of 500.6 during standard conditions. During 
extreme conditions, the package volume swelled more but stayed under 501.8 mL at the 
highest. This represents a percent volume increase of 0.12% for the foil and non-foil 
pouch under standard conditions and a percent volume increase of 0.36% for the non-foil 
pouch under extreme conditions. 
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Figure 5. Peanut Butter Bar Package Incremental 02 content (cc*day/package) was 
maintained below 0.001 cc*day/package in both structures under standard as well as 
extreme conditions. The oxygen content was kept lowest in the foil pouch at 0.000128 
cc*day/package under standard conditions, whereas the non-foil structure resulted in 
0.00034 cc*day/package under standard conditions and 0.00062 cc*day/package under 
extreme conditions. 
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Figure 6. Peanut Butter Bar Product 02 content (ppm*day/package) increased over 
the shelf life of the bar to 0.134 ppm*day/package for the foil pouch at standard 
conditions, 0.356 ppm*day/package for the non-foil pouch at standard conditions and 
0.590 ppm*day/package for the non-foil pouch at extreme conditions. 
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Figure 7. Peanut Butter Bar Product Moisture content (%RH/day) reached 0.0008 
%RH/day in the foil pouch over the course of the 3 year shelf life under standard 
conditions, while storage in the non-foil pouch under standard conditions and extreme 
conditions yielded a moisture content of 0.0026. This is a significant increase on product 
moisture content, and while it may still be within the permissible limits, it is obviously an 
area for improvement in the package capabilities. 
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Figure 8. Peanut Butter Bar Headspace 02 content (%/day) increased more rapidly 
under the extreme conditions. The foil structure maintained headspace OT at below 0.5% 
over the standard 3 year shelf-life, while the non-foil stayed below 1.1% during the 
standard shelf-life and at 2% during the extreme storage conditions. 
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Figure 9. Peanut Butter Bar Headspace Relative Humidity (%/day) reached a high of 
0.0042%/day in the foil pouch at standard conditions. The non-foil pouches showed a 
large increase in headspace RH over the 3 year shelf-life, reaching 0.014 under standard 
storage conditions and 0.0125 under extreme storage conditions. 
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Figure 10. Peanut Butter Bar Package Volume (mL/day) decreased from 70.5 mL to 
69.75 in the foil pouch and to 70.07 in the non-foil pouch under standard storage 
conditions. Volume increased to 70.77 mL in the non-foil pouch under extreme storage 
conditions. This represents a percent volume decrease of 1.0 % in the foil pouch and 
0.6% in the non-foil pouch at standard storage conditions. The non-foil pouch volume 
increased by 0.38% under extreme storage conditions. 
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Figure 11. Mango Peach Applesauce Package Incremental O2 content 
(cc*day/package) fluctuated over the 3 year shelf life for all samples, settling at 
approximately 0.0002 cc*day/package for the foil pouch at standard conditions, 0.0005 
cc*day/package for the non-foil pouch at standard conditions and 0.00095 
cc*day/package for the non-foil pouch at extreme conditions. 
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Figure 12. Mango Peach Applesauce Product O2 content (ppm*day/package) reached 
1.04 ppm*day/package in the foil pouches under standard storage conditions. 2.53 
ppm*day/package in the non-foil pouches under standard storage conditions and 4.12 in 
the non-foil pouches under extreme storage conditions. 

Mango Peach Applesauce Product Moisture content (%RH/day) was maintained at 
approximately 77.5% for all package types under both sets of conditions, which used 
50% RH as the environmental condition and 0% RH in the headspace gas composition 
(degassed fill) at filling time. The mango peach applesauce was given a lower moisture 
specification of 77% RH and an upper moisture specification of 100% RH. 
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Figure 13. Mango Peach Applesauce Headspace O2 content (%/day) increased with 
time, and increased more rapidly under the extreme conditions. The foil structure 
maintained headspace 02 at below 4% over the standard 3 year shelf-life, while the non- 
foil stayed below 8.5% during the standard shelf-life and below 14% during the extreme 
storage conditions. This is a relatively rapid increase in headspace 02, even in the foil 
pouch, and therefore requires additional research. 

Mango Peach Applesauce Headspace Relative Humidity (%/day) was maintained at 
100% for both the foil and non-foil structures under both sets of conditions due to the 
high moisture content of the food. 

Mango Peach Applesauce Package Volume (mL/day) was maintained at 128 mL in the 
foil pouch and in the non-foil pouch under standard storage conditions. Volume increased 
to 128.55 mL in the non-foil pouch under extreme storage conditions. This represents a 
percent volume increase of 0.43%. 



Discussion 

Moisture barrier and oxygen barrier are of critical importance when packaging a product 
that undergoes long-term storage under fluctuating storage conditions, like combat 
rations. Water activity (also known as the relative vapor pressure of water) is temperature 
dependant, with the degree of dependence being a function of the moisture content 
(Fennema, Owen R. (1996). Food Chemistry, Third Edition. Marcel Dekker Inc., New 
York, NY). Water activity can affect multiple areas of food stability, including microbial 
growth, lipid oxidation and Maillard browning reactions. Oxygen is necessary for many 
key reactions in food products, including deleterious reactions like lipid oxidation, 
discoloration (whether by oxidative browning or pigment oxidation) and the growth of 
aerobic spoilage microorganisms (Eskin, N.A. Michael & Robinson, David S. (2001). 
Food Shelf Life Stability: Chemical. Biochemical and Microbiological Changes. CRC 
Press LLC, Boca Raton, FL.) 

Moisture content and headspace relative humidity for the chicken & dumplings as well as 
the mango peach applesauce do not appear to undergo extreme variability over the shelf 
life. The peanut butter bar (moisture content per specification: 0.64 g in a 40 g bar, or 
0.016 g H20/g dry matter) experiences more changes in the moisture content and relative 
humidity. The current foil MRE pouch structure provides a better barrier than the non-foil 
pouch structure; however, even in the non-foil pouch during extreme conditions, the 
moisture content and relative humidity do not appear to increase to unacceptable levels. 
At low water activity levels, the limiting factor of food acceptability will not be microbial 
spoilage but lipid oxidation. As the peanut butter bar has 17.16 g of fat in a 40 g bar, as 
well as fat-soluble vitamins A and E, lipid oxidation is a matter of real concern over the 
shelf-life of the product. 

Oxidative reactions contribute to lipid breakdown, vitamin degradation, phenolic 
browning and breakdown of color compounds in packaged food products. It is fairly clear 
from the results for all three foods that the ingress of oxygen is highly dependent on the 
temperature fluctuations seen over the three year shelf-life. The rate of oxygen ingress 
through the non-foil package into the headspace and product dramatically increases 
during the extreme storage scenario, in some cases at the 90 day mark where the 
conditions change from 27°C/50% RH to 38°C/90% RH, and in others at the 180 day 
mark of the shelf-life where the conditions change again to 49°C/20% RH for the 
duration of the shelf-life. However, the oxygen sensitivity can vary based on the 
proportions and importance of different macronutrients and micronutrients. High- 
moisture foods like applesauce or chicken & dumplings will not be overly susceptible to 
lipid or Vitamin A degradation, while the low-moisture, high-fat dessert bar could be 
greatly impacted by oxidation of various nutrients. However, the high level of Vitamin C 
in the mango peach applesauce will be susceptible to oxygen degradation as well. 



Conclusion 

The M-RULER Container Performance Model for Foods has clearly been shown to validate 
various model inputs for base and coated films with known O2TR and MVTR values as 
well as composite foil and non-foil structures. These inputs have subsequently been used 
in modeling the anticipated shelf-life of representative combat ration items (an entree, a 
fruit sauce and a dessert) over varying storage conditions in the foil and non-foil 
packages. The results have clarified the progress made in the oxygen and moisture 
barriers of the non-foil film while pinpointing areas for improvement in future research. 



Development of On-Pack Time-Temperature Indicator Ink for Microwave Sterilization 

Linda Minkow1, Hans Ribi2, Zhongwei Tang3. Tom Dunn1 

Abstract 

Co-topo-polymeric indicator compositions have been adapted as an ink medium suitable for 
confirming the exposure of a printed label on a flexible pouch to a target temperature for an 
indicated interval. The ink was reverse-printed onto the outer surface (oriented polyester) of 
polymeric laminated pouches and backed with a retort-grade white ink for visualization. Some 
samples were laminated without white ink to determine effects of adhesive chemistry and 
pigmentation on the color development of the TTI ink. The observed color change confirmed the 
time/temperature exposure of the pouches in the process as corroborated by packaged electronic 
sensors. 

Background 
Military rations are currently packaged in multilayer aluminum-foil laminations which provide 
significant oxygen, water vapor, and light barrier. For a variety of reasons (Ratto et al., 2006) the 
military seeks to convert packaging for such rations to polymeric packaging materials. 

Microwave Sterilization (MWS) represents one major objective for replacing foil laminations 
(Tang et al. 2008). The process is thermal but with the advantage of being able to raise pre- 
packaged contents of containers to sterilizing temperatures (121-125°C) rapidly (3-5 minutes) 
and maintaining target temperatures for the time required to kill pathogenic spores. This heating 
is quicker and degradation from heating is much less than in conventional retort processing. 

Operating and verifying the operation of a commercial MWS process requires reliable 
conformance to validated process conditions. Such conformance calls for sophisticated real time 
instrumentation of all parameters identified in the validation process. Reliable and accurate 
devices are of course crucial to this end. However, should such controls and backups fail, the 
shorter target time at sterilizing temperature for MWS implies that relatively small shortfalls will 
be more unsafe than in conventional thermal processes. An integral time/temperature indicator 
on the container will provide independent food safety and quality assurance for such 
contingencies. 

Previously reported data (CLIN 0011) outlined the development of the TTI ink. as based on "Co- 
topo-polymers" disclosed in Ribi (2010), as well as the testing performed in the MWS unit at 
WSU using on-pack labels to demonstrate proof-of-concept. 

'Printpack. Inc.. Atlanta. GA 
:Segan Industries. Burlingame. CA 
Washington State University, Dept. Biol. Sys. Eng.. Pullman. WA 



Table 1 summarizes the design specifications used for the composition developed here: 

Tab e 1: Design Specifications for' TI label ink 
Print/Process Conditions Duration Exposure State Change Pressure 
Flexographic drying < 1 sec. 80- 100°C reversible Ambient 
Heat laminating Nip < 1 sec. 80 - 90°C reversible 20-60 psi 
Storage stability 3-6 Months 20 - 25°C reversible Ambient 
Hot filling 10-30 min. 70 - 90 °C reversible Ambient 
Pre warming 10-30 min. 70- 100°C reversible Ambient 
Microwave sterilization 3-5 min 120- 125°C irreversible 30 psig 
Post processing storage 3 years 0 - 60°C no reversion Ambient 

The plan to develop a time/temperature indicator ink for MWS processing includes a sequence 
of: 

1. Laboratory calibration to an irreversible color change of select co-topo-polymers after 
simulated (heated oil-bath) MWS-exposure for indicated duration at target processing 
temperatures. 

2. Pilot-plant verification of the co-topo-polymer effect using pressure sensitive labels on 
packaged food pouches as they are microwave sterilized. 

3. Commercial validation of the co-topo-polymer incorporated into a flexographic ink and 
reverse printed onto oriented polyester film to be laminated to the outside of functional 
barrier polymeric pouches by processing them in the MWS pilot-plant. 

The third and final steps of the plan are addressed in this report. 

Materials and Methods 

Calibrations, printing and MATS processing 

Laboratory calibration was carried out as outlined previously regarding CLIN 0011. Substrates 
for printing were weighed and subsequently flood coat printed.  Printing sequences in the 
laboratory have been optimized and carried out as illustrated in Figure 1. This printing protocol 
was created with commercial printing processes in mind and therefore will be easily translatable 
for large-scale production. Table 2 provides the specification ranges for the TTI ink. 



KNOCK-OUT TTI CONSTRUCT 

Construct Components 

Visual 

Film 
TTI Ink 
Whit* 
Orange 
White 

Adhesive 
Film 

Full Construct 

SEGAN INDUSTRIES, INC./PRINTPACK CONFIDENTIAL 

Figure 1. Printing sequence for TTI ink with knock-out, white and reference backgrounds. 

Table 2: Specification Ranges for TTI Ink 
TTI chemistry concentration range 8-15% by weight 
MO Augmenting concentration range 5-15% by weight 
Lay down comparison 156 — 110 screen mesh 
Thinner/drying additive 0- 10% by weight 
Reference clear/adjustment additive 0-20% by weight 
Reference color range Pantone 178C-180C 
TTI color range Pantone 273C-275C 

The TTI ink was hand-printed in circles on the PET, then backed with white retort-grade ink for 
visualization purposes. Some samples were not backed with the white ink, with the intention of 
visualizing the TTI ink directly against the green-tinted adhesive for comparison puiposes. 

The PET was then laminated to the rest of the structure with the ink buried, pouched in the pilot 
plant and shipped to WSU. The pouches were filled with chicken and dumplings, sealed and 
processed with MATS using microwave power at 7.0, 6.2, 2.6 and 2.5 kW in the 4 cavities. 
Temperatures were set to: 72/124/123 °C for preheating, heating, and holding sections 
respectively with belt moving at 40 inch/min. Preheating time was 30 min and cooling time was 
4 min. 



Results and Discussion 

Sensor printing, stability and cost analysis 

Sensors printed in the laboratory were visualized against a reference color (orange) background. 
Figure 2 provides the color development during processing. Stability was tested by using ink that 
had been stored for 2 months and the color comparison scale proved identical to ink stored for 
one or two days. Figure 3 provides color comparisons for printed sensors after 2 days, 30 days 
and 60 days of storage to show stability of post-processed sensor color over time. This storage 
study will be continued for 4-6 months. 

Figure 2. Pre-printing Ink Stability: 2 x 156 mesh TTI Printed retains printed subsequent to two 
months of storage of finished TTI ink. 



Storage Time 
Post Printing (Days) 

30 60 

TTI TREATMENT CONDITIONS 
C20/C20 156 MESH 2X 

(FULL KNOCK-OUT LAMINATE STRUCTURE) 
-   SWtple   jjg 

"■   iS   |^,V     a^f-    JOO 

KicvtUj-iaJ 

0                 —   /I — 

H 
— ii — 

■         —'* — 

H> g H A3 

4- 5 

^-  /3 

4   30     ^;V> 

Figure 3. Post-printing Sensor Stability: Color comparison of printed retains after 2, 30 and 60 
days of storage post-activation of TTI ink sensor. 

Figure 4 demonstrates 2 examples of laboratory printing and lamination without backing ink, 
simulating the condition achieved in the pilot plant when TTI ink was printed without a backing 
of white retort-grade ink and subsequently laminated, pouched and processed. The left image is 
the color development simulating TTI ink that was printed on the PET and green adhesive was 
applied to the barrier PET layer, while the right image is color development simulating green 
adhesive applied to the PET layer with TTI ink printed on the interior film. Both processes retain 
the distinct color change in the ink during the processing conditions corresponding to the ideal 
printing sequence, but it is clear that the visualization suffers when the TTI ink is not backed by 
white. 
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Figure 4. (Left side) TTI Ink printed with green adhesive behind and no white backing and (right 
side) printed with green adhesive in front. Observe visible, but muted colors as compared to 
previous images. 

Total ink weight/area was established based on surface area measurement. Weight/6mm 
diameter circular print zones were calculated. These costs are estimated based on actual area of 
the sensor without accounting for ink waste required by rotogravure or tlexographic printing 
techniques, so actual cost estimates for printing TTI-labeled non-foil MRE pouch material will 
require additional calculation and consideration. 

Wet ink weight/6mm TTI sensor zone based on 6mm dia. spot - 214.5 micrograms 
Estimated TTI sensors per kilo ink = 4    5 million 
Preliminary estimated ink charge/TTl sensor zone: approximately 0.4c    0.6c 

WSU processing results 

The MATS processing conditions were selected to achieve an F0 = 6.2 min. Actual processing 
achieved results of F() = 9.1 -15.7 as measured by Ellab sensors used during the 3 processing 
runs. Figures 4 and 5 clearly illustrate the success of the TTI ink sensors* color development 
through the MATS process when printing directly on the packaging material, both with and 
without white ink backing the sensor. Some residual darkness may be apparent on the sensor due 
to uneven distribution of the ink during the hand-printing procedure. This will clearly be 
eliminated during commercial printing. 



Figure 5. Pouch Type 1: PET reverse-printed with TTI ink backed by retort-grade white ink, 
unprocessed pouch on the left (dark blue ink) and processed pouch on the right (orange ink). 

Figure 6. Pouch Type 2: PET reverse-printed with TTI ink directly in contact with green adhesive, 
unprocessed pouch on the left (dark blue ink) and processed pouch on the right (orange ink). TTI 
final color is noticeably darker than when backed with the white ink, but color development is still 
apparent. 



Conclusions 

The Time-Temperature Indicator ink technology is effective when printed on an orange 
background, as performed under laboratory conditions, but final color referencing is difficult to 
achieve compared with printing the TTI in the previously illustrated method with a white 
backing and knockout reference color. Visualization of TTI ink through green laminating 
adhesive is possible, but muted compared to direct visualization through a clear overlay with 
adhesive behind printed layers. Ideally for production articles, the TTI ink should not be in 
direct contact with the laminating adhesive.  Interferences between laminating adhesive 
components and the TTI ink may occur under processing conditions. 

Smaller panicle sizes in the range of 10-50 microns react quickly and shorten TTI ink triggering 
time. Larger particle sizes in the range of 50-100 microns react more slowly and prolong the TTI 
triggering profile. A distribution of particle sizes can be utilized to provide a gradual color 
change leading to the determination of "non-treatment" where the TTI sensor remains dark, 
"partially treated" where the TTI sensor is partially dark; and "fully treated" where the TTI 
sensor is bright orange. Sharper distributions of color change can be explored by further milling 
using a rotostator, sonicator, or 3 roll mill. If necessary as an alternative to physical milling, 
chemical milling (including controlled crystallization of monomer compositions) can be 
addressed. 

The current TTI testing results provided above should be interpreted when printed on orange and 
with visualization through the adhesive due to limitations of printing technique at Segan's 
facility, but final product formats including white background printing, knockout reference color 
formats, and adhesive lamination behind printed layers and not in contact with the TTI are 
considered optimal for large-scale printing and production of TTI-labeled pouch material. 
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